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COMPOSITIONS OF AND METHODS OF USING OVERSULFATED 

GLYCOSAMINOGLYCANS 

Related Applications 

This application claims priority under 35 U,S,C. §119 from U.S. provisional 
application serial number 60/666,743, filed March 29, 2005. The entire contents of 
which is herein incorporated by reference. 



Government Support 

Aspects of the invention may have been made using funding from National 
Institutes of Health Grant numbers HL-59966 and CA-90940. Accordingly, the 
government may have rights in the invention. 

Field of the Invention 

The invention relates, in part, to compositions comprising glycosaminoglycans, 
fragments of glycosaminoglycans or glycosaminoglycan fractions. The compositions 
provided can be used in various methods of modulating FGF and/or VEGF activitity. 
The method can be in vitro or in vivo methods. Therefore, the invention also relates, in 
part, to methods of treating a subject with the compositions provided. 



Background of the Invention 

Glycosaminoglycans (GAGs) are important regulators of biological functions. 
All GAGs are linear polysaccharides composed a disaccharide repeat unit that contains 
uronic acid and a hexosamine, where the specific nature of each defines the class of 
GAG [427]. The heparin/heparan sulfate-like glycosaminoglycans (HSGAGs) are the 
best studied of the glycosaminoglycans. The five sites of variation in the HSGAG 
disaccharide allow for enormous structural heterogeneity that enables them to modulate a 
wide range of important biological processes including development and tumor 
progression [38, 427]. HSGAGs interact with ail known members of the fibroblast 
growth factor (FGF) family [392]. Other GAGs, such as dermatan sulfate (DS) and 
chondroitin sulfate (CS) have also emerged as important regulators of biological 
processes including FGF-mediated activity [474]. 
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The FGF protein family consists of at least 23 members. Each FGF interacts with 
at least one of five high affinity cell surface tyrosine kinase receptors [119, 445] and with 
the GAG component of proteoglycans [153, 178, 396], While HSGAGs interact with all 
known FGFs, the structural requirement of a HSGAG to promote a cellular response 
differs based on the FGF [213, 392, 512]. Fibroblast growth factor receptor (FGFR) 
isoforms support cellular activity downstream only of specific FGF family members 
[348]. HSGAGs interact with both the FGF and the FGFR to provide receptor selectivity 
and to regulate the cellular response [6, 213, 354]. FGF7 induces a downstream response 
through FGFR2b [124, 348]. The magnitude of cellular response to FGF7 can be 
regulated by HSGAGs as well as DS [475, 512], HSGAGs and DS regulate FGF2- 
mediated activity through FGFRlc, while only HSGAGs have been shown to regulate 
thatofFGFl [366, 475]. 

Vascular endothelial growth factor (VEGF) is a major regulator of angiogenesis 
and cell growth [485]. VEGF isoforms show variable interactions with HSGAGs [400]. 
VEGF signals through the tyrosine kinases vascular endothelial growth factor receptor 
(VEGFR)-1 and VEGFR2 3 which are predominantly, but not exclusively, found on 
endothelial cells [201, 400]. VEGF-C and VEGF-D signal through VEGFR2 and 
VEGFR3 [2, 209]. VEGFR3 activity is associated with lymphangiogenesis [249]. 
VEGF-D, but not VEGF, promotes the lymphatic spread of tumors [450], While the 
dependence of VEGF on HSGAGs has been established [196], the interactions of VEGF- 
C and VEGF-D with HSGAGs and other GAGs have not been determined. 

The ability of HSGAGs, DS and other GAGs to modulate FGFs and vascular 
endothelial growth factors (VEGFs) is important in several physiological and 
pathological settings. FGF7 signaling through FGFR2b is important in wound healing, 
for example [203], DS derived from wound fluid promotes FGF7 activity through its 
receptor [475]. VEGFR3 is also upregulatdd during wound healing, where it promotes 
angiogenesis downstream of VEGF-C and VEGF-D [357]. FGF, VEGF and various 
GAGs have also been implicated in cancer growth and progression [196, 427], 
promoting not only angiogenesis, but also primary tumor growth directly, such as in 
prostate cancer [201, 356], FGF and VEGF can activate similar pathways to produce a 
common biological outcome, though the activity of one ligand may be dependent on the 
activity of the other [249, 390]. Understanding the ability of GAGs to differentially 
interact with various FGFs and VEGFs, both individually and in the same cellular 
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environment, can shed insight into the role of each of these components in biologically 
important settings. 

Summary of the Invention 

Aspects of the invention relate to methods of modulating an activity of a 
fibroblast growth factor (FGF), comprising contacting the FGF with a composition 
comprising a highly sulfated glycosaminoglycan (GAG). In one embodiment, the highly 
sulfated GAG is in an amount effective to modulate the activity of the FGF. In yet 
another embodiment, the highly sulfated GAG is a highly sulfated chondroitin sulfate 
(CS) or a highly sulfated dermatan sulfate (DS). In one embodiment, the highly sulfated 
GAG is an oversulfated dermatan sulfate (DS). In another embodiment, at least 40% of 
the disaccharides of the oversulfated DS are either di- or tri-sulfated. In another 
embodiment, at least 50% of the disaccharides of the oversulfated DS are either di- or tri- 
sulfated. In a further embodiment, at least 60% of the disaccharides of the oversulfated 
DS are either di- or tri-sulfated. In another embodiment, at least 70% of the 
disaccharides of the oversulfated DS are either di- or tri-sulfated. In yet another 
embodiment, at least 80% of the disaccharides of the oversulfated DS are either di- or tri- 
sulfated. 

In another embodiment of the invention, the highly sulfated GAG is a highly 
sulfated chondroitin sulfate (CS). In one embodiment, at least 40% of the disaccharides 
of the highly sulfated CS are either di- or tri-sulfated. In another embodiment, at least 
50% of the disaccharides of the highly sulfated CS are either di- or tri-sulfated. In a 
further embodiment, at least 60% of the disaccharides of the highly sulfated CS are either 
di- or tri-sulfated. In another embodiment, at least 70% of the disaccharides of the 
highly sulfated CS are either di- or tri-sulfated. In yet another embodiment, at least 80% 
of the disaccharides of the highly sulfated CS are either di- or tri-sulfated. In still 
another embodiment of the invention, the highly sulfated CS is chondroitin sulfate D or 
chondroitin sulfate E. 

In one embodiment, the FGF is FGF1, FGF2 or FGF7. In another embodiment, 
the activity of the FGF is increased. In a further embodiment, the activity of a vascular 
endothelial growth factor (VEGF) is also modulated. In another embodiment, the 
activity of the VEGF is increased. 
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In another embodiment of the invention, the composition is administered to a 
subject. In one embodiment, the subject has a wound, scar, chronic liver disease, benign 
hyperplastic hypertrophy, cancer or an inflammatory disease. In another embodiment, 
the composition further comprises a pharmaceutically acceptable carrier. In a further 
embodiment, the composition further comprises an additional therapeutic agent. In 
another embodiment, the additional therapeutic agent is an anti-cancer agent or an anti- 
inflammatory agent. In a further embodiment, the additional therapeutic agent is a FGF 
and/or VEGF. 

In another aspect of the invention a method of treating a subject is provided. 
Such a method includes the step of administering to a subject in need of such a treatment 
a compositions of a highly sulfated GAG. In one embodiment the highly sulfated GAG 
is a highly sulfated CS or a highly sulfated DS. In another embodiment, the subject has a 
wound, scar, chronic liver disease, benign hyperplastic hypertrophy, cancer or an 
inflammatory disease. In- still another embodiment, the composition further comprises a 
pharmaceutically acceptable carrier. In a further embodiment, the composition further 
comprises an additional therapeutic agent. In another embodiment, the additional 
therapeutic agent is an anti-cancer agent or an anti-inflammatory agent. In a further 
embodiment, the additional therapeutic agent is a FGF and/or VEGF. 

In an embodiment of the invention, the method further comprises determining the 
presence or absence of the FGF in the subject. In another embodiment, the method 
further comprises determining the presence or absence of a VEGF in the subject. In 
another embodiment, the VEGF is VEGF-A, VEGF-C or VEGF-D. In a further 
embodiment, the VEGF is VEGF 1 20? VEGF 154 or VEGF;[gg. In another embodiment, 
the VEGF is VEGF 12 b VEGF 145, VEGF 165 , VEGF 189 or VEGF 2 06- ^ yet another 
embodiment, the determining step is performed prior to the contacting step. 

Aspects of the invention relate to methods of modulating an activity of a FGF, 
comprising contacting the FGF with a composition comprising GAGs of a highly 
sulfated GAG fraction. In one embodiment, the GAGs of a highly sulfated GAG fraction 
are in an amount effective to modulate the activity of the FGF. In another embodiment, 
the highly sulfated GAG fraction is a highly sulfated DS fraction or a highly sulfated CS 
fraction. In an embodiment, at least 70% of the dermatan sulfates or chondroitin sulfates 
of the highly sulfated GAG fraction are highly sulfated. In another embodiment, at least 
80% of the dermatan sulfates or chondroitin sulfates of the highly sulfated GAG fraction 
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are highly sulfated. In another embodiment, at least 90% of the dermatan sulfates or 
chondroitin sulfates of the highly sulfated GAG fraction are highly sulfated, 

In an embodiment of the invention, the FGF is FGF1, FGF2 or FGF7. In another 
embodiment, the activity of the FGF is increased. In another embodiment, the activity of 
a VEGF is also modulated. In a further embodiment, the activity of the VEGF is 
increased. 

In an embodiment of the invention, the composition is administered to a subject. 
In another embodiment, the subject has a wound, scar, chronic liver disease, benign 
hyperplastic hypertrophy, cancer or an inflammatory disease. In another embodiment, 
the composition further comprises a pharmaceutically acceptable carrier. In a further 
embodiment, the composition further comprises an additional therapeutic agent. In 
another embodiment, the additional therapeutic agent is an anti-cancer agent or an anti- 
inflammatory agent. In a further embodiment, the additional therapeutic agent is a FGF 
and/or VEGF. 

In another aspect of the invention a method of treating a subject is provided. 
Such a method includes the step of administering to a subject in need of such a treatment 
a compositions comprising GAGs of a highly sulfated GAG fraction. In one 
embodiment the highly sulfated GAG fraction is a highly sulfated CS fraction or a highly 
sulfated DS fraction. In another embodiment, the subject has a wound, scar, chronic 
liver disease, benign hyperplastic hypertrophy, cancer or an inflammatory disease. In 
still another embodiment, the composition further comprises a pharmaceutically 
acceptable carrier. In a further embodiment, the composition further comprises an 
additional therapeutic agent. In another embodiment, the additional therapeutic agent is 
an anti-cancer agent or an anti-inflammatory agent. In a further embodiment, the 
additional therapeutic agent is a FGF and/or VEGF. 

In an embodiment of the invention, the method further comprises determining the 
presence or absence of the FGF in the subject. In another embodiment, the method 
further comprises determining the presence or absence of a VEGF in the subject. In 
another embodiment, the VEGF is VEGF-A, VEGF-C or VEGF-D. In a further 
embodiment, the VEGF is VEGFj20> VE GFi<54 or VEGFjgg. In another embodiment, 
the VEGF is VEGF 12 l, VEGF^s, VEGF 165 , VEGF 189 or VEGF 2 06- In yet another 
embodiment, the determining step is performed prior to the contacting step. 
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Aspects of the invention relate to methods of modulating an activity of a VEGF, 
comprising contacting the VEGF with a composition comprising a highly sulfated GAG. 
In one embodiment, the highly sulfated GAG is in an amount effective to modulate the 
activity of the VEGF. In another embodiment, the highly sulfated GAG is a highly 
sulfated CS or a highly sulfated DS. In an embodiment, the highly sulfated GAG is an 
oversulfated DS. In another embodiment, at least 40% of the disaccharides of the 
oversulfated dermatan sulfate are either di- or tri-sulfated. In another embodiment, at 
least 50% of the disaccharides of the oversulfated dermatan sulfate are either di- or tri- 
sulfated. In a further embodiment, at least 60% of the disaccharides of the oversulfated 
dermatan sulfate are either di- or tri-sulfated. In another embodiment, at least 70% of the 
disaccharides of the oversulfated dermatan sulfate are either di- or tri-sulfated. In yet 
another embodiment, at least 80% of the disaccharides of the oversulfated dermatan 
sulfate are either di- or tri-sulfated. 

In an embodiment of the invention, the highly sulfated GAG is a highly sulfated 
CS, In another embodiment, at least 40% of the disaccharides of the highly sulfated 
chondroitin sulfate are either di- or tri-sulfated. In another embodiment, at least 50% of 
the disaccharides of the highly sulfated chondroitin sulfate are either di- or tri-sulfated. 
In a further embodiment, at least 60% of the disaccharides of the highly sulfated 
chondroitin sulfate are either di- or tri-sulfated. In another embodiment, at least 70% of 
the disaccharides of the highly sulfated chondroitin sulfate are either di- or tri-sulfated. 
In yet another embodiment, at least 80% of the disaccharides of the highly sulfated 
chondroitin sulfate are either di- or tri-sulfated. In still another embodiment, the highly 
sulfated CS is chondroitin sulfate D or chondroitin sulfate E. 

In an embodiment of the invention, the VEGF is VEGF- A, VEGF-C or VEGF-D. 
In another embodiment, the VEGF is VEGFi20> VEGF 154 or VEGFjgg. In another 
embodiment, the VEGF is VEGF121, VEGF 145 , VEGF 165 , VEGF 189 or VEGF 2 06- In 
a further embodiment, the activity of the VEGF is increased. In another embodiment, the 
activity of a FGF is also modulated. In yet another embodiment, the activity of the FGF 
is increased. 

In an embodiment of the invention, the composition is administered to a subject. 
In another embodiment, the subject has a wound, scar, chronic liver disease, benign 
hyperplastic hypertrophy, cancer or an inflammatory disease. In another embodiment, 
the subject has a disease associated with excessive VEGF-mediated angiogenesis. In a 



WO 2006/105313 



PCT/US2006/011674 



7 

further embodiment, the disease associated with excessive VEGF-mediated angiogenesis 
is age-related macular degeneration (AMD) or diabetic neuropathy. In another 
embodiment, the subject is in need of angiogenesis inhibition. In yet another 
embodiment, the composition further comprises a pharmaceutically acceptable carrier. 
In a further embodiment, the composition further comprises an additional therapeutic 
agent. In still a further embodiment, the additional therapeutic agent is an anti-cancer 
agent or an anti-inflammatory agent. In a further embodiment, the additional therapeutic 
agent is a FGF and/or VEGF. In another embodiment, the method further comprises 
determining the presence or absence of the VEGF in the subject. In yet another 
embodiment, the method further comprises determining the presence or absence of a 
FGF in the subject. In still another embodiment, the FGF is FGF7. In a further 
embodiment, the determining step is performed prior to the contacting step. 

In another aspect of the invention a method of treating a subject is provided, 
wherein the method includes the step of administering to a subject in need of such 
treatment a composition comprising a highly sulfated GAG, wherein the highly sulfated 
GAG is administered in an amount effective to modulate an activity of a VEGF. In one 
embodiment, the highly sulfated GAG is a highly sulfated CS or a highly sulfated DS. In 
another embodiment, the subject has a wound, scar, chronic liver disease, benign 
hyperplastic hypertrophy, cancer or an inflammatory disease. In another embodiment, 
the subject has a disease associated with excessive VEGF-mediated angiogenesis. In a 
further embodiment, the disease associated with excessive VEGF-mediated angiogenesis 
is age-related macular degeneration (AMD) or diabetic neuropathy. In another 
embodiment, the subject is in need of angiogenesis inhibition. In yet another 
embodiment, the composition further comprises a pharmaceutically acceptable carrier- 
In a further embodiment, the composition further comprises an additional therapeutic 
agent. In still a further embodiment, the additional therapeutic agent is an anti-cancer 
agent or an anti-inflammatory agent. In a further embodiment, the additional therapeutic 
agent is a FGF and/or VEGF. In another embodiment, the method further comprises 
determining the presence or absence of the VEGF in the subject. In yet another 
embodiment, the method further comprises determining the presence or absence of a 
FGF in the subject. In still another embodiment, the FGF is FGF7. In a further 
embodiment, the determining step is performed prior to the contacting step. 
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Aspects of the invention relate to methods of modulating an activity of a VEGF, 
comprising contacting the VEGF with a composition comprising GAGs of a highly 
sulfated GAG fraction. In one embodiment, the GAGs of a highly sulfated GAG fraction 
are in an amount effective to modulate the activity of the VEGF, In another 
embodiment, the highly sulfated GAG fraction is a highly sulfated DS fraction or a 
highly sulfated CS fraction. In an embodiment, at least 70% of the dermatan sulfates or 
chondroitin sulfates of the highly sulfated GAG fraction are highly sulfated. In another 
embodiment, at least 80% of the dermatan sulfates or chondroitin sulfates of the highly 
sulfated GAG fraction are highly sulfated. In another embodiment, at least 90% of the 
dermatan sulfates or chondroitin sulfates of the highly sulfated GAG fraction are highly 
sulfated. 

In an embodiment of the invention, the VEGF is VEGF-A, VEGF-C or VEGF-D. 
In another embodiment, the VEGF is VEGF 1 20= VEGF 164 or VEGF 188- In another 
embodiment, the VEGF is VEGF 12 b VEGF 145? VEGF 165? VEGF 189 or VEGF 2 06- In 
a further embodiment, the activity of the VEGF is increased. In another embodiment, the 
activity of a FGF is also modulated. In yet another embodiment, the activity of the FGF 
is increased. 

In still another embodiment, the composition is administered to a subject. In a 
further embodiment, the subject has a wound, scar, chronic liver disease, benign 
hyperplastic hypertrophy, cancer or an inflammatory disease. In yet a further 
embodiment, the subject has a disease associated with excessive VEGF-mediated 
angiogenesis. In still a further embodiment, the disease associated with excessive 
VEGF-mediated angiogenesis is age-related macular degeneration (AMD) or diabetic 
neuropathy. In yet another embodiment, the subject is in need of angiogenesis 
inhibition. In still another embodiment, the composition further comprises a 
pharmaceutically acceptable carrier. In a further embodiment, the composition further 
comprises an additional therapeutic agent. In another embodiment, the additional 
therapeutic agent is an anti-cancer agent or an anti-inflammatory agent. In a further 
embodiment, the additional therapeutic agent is a FGF and/or VEGF. In yet another 
embodiment, the method further cotnprises determining the presence or absence of the 
VEGF in the subject. In still another embodiment, the method further comprises 
determining the presence or absence of a FGF in the subject. In a further embodiment, 
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the FGF is FGF7. In yet a further embodiment, the determining step is performed prior 
to the contacting step. 

In still another aspect of the invention, a method of treating a subject comprising 
administering to a subject in need of such treatment a composition comprising GAGs of 
a highly sulfated GAG fraction, wherein the GAGs of the highly sulfated GAG fraction 
are administered in an amount effective to modulate an activity of a VEGF. In one 
embodiment, the highly sulfated GAG fraction is a highly sulfated CS fraction or a 
highly sulfated DS fraction. In a further embodiment, the subject has a wound, scar, 
chronic liver disease, benign hyperplastic hypertrophy, cancer or an inflammatory 
disease. In yet a further embodiment, the subject has a disease associated with excessive 
VEGF-mediated angiogenesis. In still a further embodiment, the disease associated with 
excessive VEGF-mediated angiogenesis is age-related macular degeneration (AMD) or 
diabetic neuropathy. In yet another embodiment, the subject is in need of angiogenesis 
inhibition. In still another embodiment, the composition further comprises a 
pharmaceutically acceptable carrier. In a further embodiment, the composition further 
comprises an additional therapeutic agent. In another embodiment, the additional 
therapeutic agent is an anti-cancer agent or an anti-inflammatory agent. In a further 
embodiment, the additional therapeutic agent is a FGF and/or VEGF. In yet another 
embodiment, the method further comprises determining the presence or absence of the 
VEGF in the subject. In still another embodiment, the method further comprises 
determining the presence or absence of a FGF in the subject. In a further embodiment, 
the FGF is FGF7. In yet a further embodiment, the determining step is performed prior 
to the contacting step. 

Aspects of the invention relate to methods of producing an oversulfated GAG. In 
one embodiment, the oversulfated GAG is an oversulfated DS or oversulfated CS. The 
method in one embodiment comprises obtaining a fragment of the DS or CS and 
sulfating the fragment. In one embodiment, the sulfating is carried out with chemical 
oversulfation, such as with triethylamine sulfur trioxide. In one embodiment, the 
fragment is a fragment containing 4-0 or 6-0 sulfated disaccharides. In another 
embodiment, the method also comprises the step of partially fractionating, digesting a 
glycosaminoglycan prior to obtaining the fragment. In yet a further embodiment, the 
glycosaminoglycan(s) obtained from the partial fractionation or partial digestion is 
sulfated. Partial digestion can be carried out with a glycosaminoglycan-degrading 
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enzyme, such as a chondroitinase. In a further embodiment, these glycosaminoglycans 
are then degraded (e.g., enzymatically degraded, such as with a chondroitinase). The 
degraded glycosaminoglycans can then be isolated or further sulfated and isolated. In an 
embodiment, the fragment is a tetrasaccharide, hexasaccharide, octasaccharide or a 
decasaccharide. In another embodiment, the fragment has or has less than 30 saccharide 
units. In another embodiment, the fragment has or has less than 25 saccharide units. In a 
further embodiment, the fragment has or has less than 20 saccharide units. In another 
embodiment, the fragment has or has less than 18 saccharide units. In yet another 
embodiment, the fragment has or has less than 16 saccharide units. In a further 
embodiment, the fragment has or has less than 14 saccharide units. In yet a further 
embodiment, the fragment has or has less than 12 saccharide units. In another 
embodiment, the method further comprises analyzing the oversulfated fragment. > In yet 
another embodiments the analyzing comprises assessing an activity of the oversulfated 
fragment. In still another embodiment, the activity is the modulation of a FGF activity, 
VEGF activity or both. In yet another embodiment, the activity is thrombin inhibition by 
heparin cofactor 2. 

In aspects of the invention, compositions are provided. The compositions include 
the oversulfated GAGs (e.g., oversulfated CS or DS) produced by any of the 
aforementioned methods. In an embodiment, compositions further include a 
pharmaceutical^ acceptable carrier. In another embodiment, compositions further 
include an additional therapeutic agent. In a further embodiment, the additional 
therapeutic agent is a FGF and/or VEGF. 

In aspects of the invention, compositions are provided as are methods for their 
use. In some embodiments, the compositions include a highly sulfated DS wherein at 
least 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95% or more of the 
disaccharides of the highly sulfated DS are ADi 2S,4S. In other embodiments, at least 
20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95% or more of the 
disaccharides of the highly sulfated DS are ADi 4S,6S. In still another embodiment, the 
highly sulfated DS contains about 4-5% ADi 2S,4S,6S, about 4-5% ADi 2S,4S, about 
40% ADi 4S,6S and about 50% ADi 4S. The compositions can also include a highly 
sulfated DS, where at least 40% of the disaccharides are ADi 4S,6S. In an embodiment, 
at least 4% of the disaccharides are ADi 2S,4S. In another embodiment, 5% of the 
disaccharides are ADi 2S,4S. In a further embodiment, at least 4% of the disaccharides 
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are ADi 2S,4S,6S. In another embodiment, 5% of the disaccharides are ADi 2S,4S,6S. 
In a further embodiment, the compositions include a highly sulfated CS wherein at least 
20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95% or more of the 
disaccharides of the highly sulfated CS are ADi 2S,6S. In other embodiments, at least 
20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95% or more of the 
disaccharides of the highly sulfated CS are ADi 4S,6S. In still other embodiments, at 
least 65%, 70%, 75%, 80%, 85%, 90%, 95% or more of the disaccharides of the highly 
sulfated CS are ADi 4S,6S. In still a further embodiment, compositions further include a 
pharmaceutical^ acceptable carrier. In yet another embodiment, compositions further 
include an additional therapeutic agent. In other embodiments, the compositons can be 
administered to a subject in need of anti-coagulation. In a further embodiment, the 
additional therapeutic agent is a FGF and/or VEGF. 

Aspects of the invention relate to methods of modulating an activity of a FGF, 
comprising contacting the FGF with any of the aforementioned compositions. In an 
embodiment, the contacting is carried out by administering the composition to a subject. 

Aspects of the invention relate to methods of modulating an activity of a VEGF, 
comprising contacting the VEGF with any of the aforementioned compositions. 

Aspects of the invention relate to methods of modulating an activity of a FGF and 
an activity of a VEGF, comprising contacting the FGF and VEGF with any of the 
aforementioned compositions. In an embodiment, the contacting is carried out by 
administering the composition to a subject. 

In a further aspect of the invention, the aforementioned compositions are used in 
the various methods of treating a subject as provided herein. 

In another aspect of the invention, uses of the compositions provided for the 
preparation of a medicament are also provided. 

For the methods provided herein, when "GAG" alone is recited it is intended that 
the method can also be one in which a composition comprising the GAG is used. 

Each of the limitations of the invention can encompass various embodiments of 
the invention. It is, therefore, anticipated that each of the limitations of the invention 
involving any one element or combinations of elements can be included in each aspect of 
the invention. 



Brief Description of the Figures 
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Fig. 1 illustrates that GAGs differentially promote FGF7-mediated effects, NBT- 
II cells were treated with FGF7 supplemented with GAGs. The inhibitory effect was 
measured by reduction in whole cell number relative to untreated cells (Fig. 1A). Cells 
were treated with sodium chlorate (Fig. IB). The proliferative effect was measured by 
increase in whole cell number compared to cells treated with sodium chlorate only. 

Fig. 2 illustrates that GAGs modulate FGFs and VEGFs. RT-PCR of NBT-II 
cells for Act (A), FGFR isoforms lb, 1c, 2b, 2c, 3b, 3c and 4, and VEGR isoforms 1, 2 
and 3 (Fig. 2A). NBT-II cells were treated with 10 ng/ml FGF1 or VEGF with varying 
concentrations of heparin (Fig. 2B). Data are presented as percent inhibition of cell 
growth compared to ligand alone. NBT-II cells were treated with 10 ng/ml FGF1 or 
VEGF with varying concentrations of UDS (Fig. 2C). Data are presented as percent 
inhibition of cell growth compared to ligand alone. 

Fig, 3 shows that heparin and DS DT differentially impact the co-adminstration 
of FGF7 and VEGF. NBT-II cells were treated with 1 0 ng/ml of one of FGF 1 or VEGF, 
as well as 10 ng/ml FGF7. Cells were additionally treated with heparin (Fig. 3A), UDS 
(Fig. 3B) or DS DT (Fig. 3C) over a range of concentrations. The effect of GAG 
addition was normalized to the effect of the ligand pair alone. The legend in Fig. 3A 
applies to Figs. 3A-3C. Cells were treated with VEGF and FGF7 and supplemented 
with either heparin or DS DT (Fig. 3D). The proliferative effect was normalized to the 
effect of VEGF and FGF7 unsupplemented by GAGs. 

Fig. 4 shows that VEGF induces proliferation through Erk and Melc. NBT-II 
cells were treated with FGF7, VEGF, or FGF7 and VEGF in the presence of PBS, 
heparin or DS DT. ELISAs were performed for phospho-Erkl/2 (Fig. 4A) and phospho- 
Mekl/2 (Fig. 4B). The change in response was determined in terms of its relative level 
compared to untreated cells. * denotes p < 0.05 compared to untreated cells. 

Fig. 5 illustrates that FGF7 affects proliferation through Akt. NBT-II cells were 
treated with FGF7, VEGF, or FGF7 and VEGF in the presence of PBS, heparin or DS 
DT. ELISAs were performed for phospho- Akt 1/2/3 (Ser 473) (Fig. 5A) phospho- 
Akt 1/2/3 (Thr 308) (Fig. SB). The change in response was determined in terms of its 
relative level compared to untreated cells. * denotes p < 0.05 compared to untreated 
cells. 

Fig. 6 shows that FGF7 and VEGF upregulate VEGF-C and VEGF-D. NBT-II 
cells were treated with FGF7, VEGF, FGF7 and VEGF (Figs. 6A-6C) or FGF2 in the 
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presence of PBS, heparin or DS DT (Fig. 6D). ELISAs were performed after 24 hours 
for VEGF-C (Fig. 6A), VEGF-D (Fig, 6B), VEGFR3 (Fig. 6C) or both VEGF-C and 
VEGF-D (Fig. 6D). The change in response was determined in terms of its relative level 
compared to untreated cells. * denotes p < 0.05 compared to untreated cells. 

Fig. 7 illustrates that heparin and UDS differentially regulate VEGF-D. NBT-II 
cells were treated with VEGF, VEGF-C and VEGF-D either alone (Fig. 7A) or with 
FGF7 (Fig. 7B). Ligands were supplemented with heparin or DS DT. The proliferative 
effect was determined by whole cell count. Data was converted to the percent inhibition 
in total cell number compared to untreated cells. 

Fig. 8 shows that chemical oversulfation of DS DT increases FGF7 activity. 
NBT-II cells were treated with 10 ng/ml FGF7 supplemented with PBS or GAGs at 
concentrations ranging between 1 and 100,000 ng/ml. The reduction in whole cell 
number observed in the presence of GAGs and FGF7 was normalized to that observed 
with FGF7 alone. * denotes p < 0.05 for ddDS compared to DS DT at the same 
concentration, t denotes p < 0.05 for diDS compared to DS DT at the same 
concentration. § denotes p < 0.05 for CS D compared to DS DT at the same 
concentration. GAGs did not otherwise elicit a significantly different effect than DS DT 
at the same concentration. 

Fig. 9 shows the structure of CS/DS. 

Fig. 10 provides results from a DS compositional analysis. 
Fig. 11 provides results from a CE-compositional analysis. 
Fig. 12 provides results from the generation of defined CS/DS oligosaccharides. 
Fig. 13 provides results from a direct SAX purification of DT oligosaccharides. 
Fig. 14 provides a method for chemical sulfation as well as results from a 
compositional analysis. 

Detailed Description 

GAGs are complex polysaccharides that exist both on the cell surface and free 
within the extracellular matrix. The intrinsic sequence variety stemming from the large 
number of building blocks that compose these biopolymers leads to substantial 
information density as well as to the ability to regulate a wide variety of important 
biological processes. 
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The capacity of various GAGs, including but not limited to HSGAGs, to regulate 
FGF and VEGF proteins in rat bladder cancer cells was investigated. Using FGF7 as a 
model growth factor, due to its specificity for a single FGFR isoform, how various 
GAGs altered its proliferative effects was examined. Heparin, the highly sulfated DS 
fraction DT (DS DT) and chondroitin sulfates, for example, were found to promote 
FGF7 activity. The analysis was also extended to FGF1, FGF2 and VEGF, and the 
activities of these growth factors were found, for example, to be affected, with similar 
magnitude and effect, by both heparin and DS DT. In addition, it was found that 
chemically oversulfated GAGs can increase FGF-mediated responses, such as FGF7- 
mediated response. Whether GAGs could regulate or even define the biological effect 
with multiple growth factors in the same cellular environment was also examined. It was 
found, for example, that heparin and highly sulfated DS differentially regulated the 
combination of FGF7 and VEGF. Heparin and DS DT, however, differentially regulated 
FGF7 and VEGF in the same cellular environment. This response stems primarily from 
the upregulation of VEGF-D, which itself, is differentially regulated by heparin and DS 
DT. VEGF-D-mediated cellular response occurs through VEGFR3 . 

All of the findings demonstrate that various GAGs can regulate the activities of 
FGF and VEGF proteins independently and/or in a common environment. Selectively 
developed GAGs, therefore, offer a way to select for the activity of growth factor subsets 
even in a complex pool, such as that which exists in healing wounds and in the tumor 
microenvironment. Provided herein, therefore, are compositions and methods for 
modulating the activity of a FGF and/or VEGF. As used herein, "modulating an activity 
of a FGF" refers to causing a change in an activity of a FGF in a sample or system (such 
as in a subject) that is present in the absence of a composition of the invention. This 
change can be an increase or decrease in the level or rate of an activity, the stimulation of 
an activity that is not otherwise present or the elimination of an activity altogether. In 
preferable embodiments, the modulating is causing an increase in an activity of the FGF. 
As used herein, an "increase" is the stimulation of an activity that is not present or is an 
increase in the level or rate of an activity. A decrease, as used herein, refers to the 
reduction in the level or rate of an activity or the complete elimination of an activity. 
Generally, the modulation can result when a composition provided herein is placed in 
contact with the FGF. The modulation can, for example, result when a composition of 
the invention is added to a sample containing a FGF. The modulation can also result 
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when a composition provided herein is administered to a subject in which FGF is 
present. Likewise, "modulating an activity of a VEGF" refers to causing a change in an 
activity of a VEGF in a sample or system (such as in a subject) that is present in the 
absence of a composition of the invention. This change can be an increase or decrease in 
the level or rate of an activity, the stimulation of an activity that is not otherwise present 
or the elimination of an activity altogether. In preferable embodiments, the modulating 
is causing an increase in an activity of the VEGF. Generally, the modulation can result 
when a composition provided herein is placed in contact with the VEGF. The 
modulation can result when a composition of the invention is added to a sample 
containing a VEGF and can also result when a composition provided herein is 
administered to a subject in which VEGF is present. The compositions of the invention 
can, in some embodiments, modulate an activity of both an FGF and VEGF. The 
modulation can be an increase in the activity of both the FGF and VEGF, can be a 
decrease in an activity of both the FGF and VEGF or can be an increase in an activity of 
one and a decrease in an activity of the other. The modulating of a FGF and/or VEGF, 
as used herein, is intended to refer to the modulation an activity of the protein(s). The 
modulation of an activity of FGF and/or VEGF, in some embodiments, results in the 
promotion of cell proliferation and/or angio genesis. In other embodiments, the 
modulation results in the inhibition of cell proliferation and/or angiogenesis. 

As stated above, the compositions provided herein can modulate an activity of a 
FGF and/or VEGF when placed in contact with the FGF and/or VEGF. "Contacting" or 
"placing in contact" is meant to refer to causing a composition of the invention to be 
close in enough proximity to a FGF and/or VEGF such that it modulates an activity of 
the FGF and/or VEGF. In some embodiments, the composition binds to the FGF and/or 
VEGF, In other embodiments, the composition binds to a protein that causes 
downstream regulation of the FGF and/or VEGF. In still other embodiments, the 
composition is provided to a sample containing a FGF and/or VEGF. In yet other 
embodiment, the composition is administered to a subject in which FGF and/or VEGF is 
present. The composition can be administered in such a way so that the composition or a 
portion thereof modulates and activity of a FGF and/or VEGF. Such methods of 
administration will be apparent to those of ordinary skill in the art. Examples are also 
provided herein. 
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For instance, the composition may be administered by any of the routes of 
administration described herein such that the composition is delivered to the site of 
action. If the composition is delivered to a subject to treat a cancer, in some 
embodiments, it is desirable to deliver the composition to the site of the cancer, either 
directly or indirectly or to deliver it to the site of unwanted angiogenesis. Directly 
delivering a composition to a site of a cancer may involve direct injection or 
implantation at the site. Indirect delivery may involve systemic delivery such that the 
body delivers the active component to the site of action. The site of action is, in some 
embodiments, the site where FGF and/or VEGF are functioning. Alternatively, the 
composition may be delivered in conjunction with FGF and/or VEGF. As used herein 
"in conjunction" refers to delivery to the same subject in the same vehicle or separate 
vehicles, at the same or different times, at the same or different sites and by the same or 
different routes of administration. The co-delivered FGF and/or VEGF may be a nucleic 
acid that expresses functional FGF and/or VEGF or it may be a peptide, 

In some embodiments, the methods provided also comprise the step of 
determining the presence or absence of one or more FGFs and/or one or more VEGFs. 
In other embodiments, the presence or absence of at least one FGF and at least one 
VEGF is determined. In still another embodiment the FGF is FGF1, FGF2, FGF7, 
FGF10 or FGF20. In a further embodiment, the amount of at least one FGF and/or at 
least one VEGF is determined. It will be readily apparent to one of ordinary skill in the 
art that there are a number of ways to determine the presence or absence or amount of a 
protein or RNA in a sample. For example, the presence or absence or amount of a 
protein in a sample can be assessed using antibodies to the protein. Preferably, the 
antibodies are detectably labeled. The label can be, for example, a fluorescent label, an 
enzyme label, a radioactive label, a luminescent label or a chromophore label. The 
amount of protein can also be determined, for instance, using northern or western blot 
analysis or other binding assays or any other method known to those of skill in the art. 
Detection of RNA can be carried out using nucleic acid probes or primers, such as with 
PCR, to bind to RNA (e.g., mRNA) in the sample. The sample in some embodiments, 
can be a sample from a subject (e.g., a blood, urine or tissue sample). 

One of ordinary skill in the art is able to recognize the proteins that are FGFs or 
VEGFs. As mentioned above, the FGF family consists of at least 23 members. All the 
members of the FGF family bind glycosaminoglycans, such as heparin, and retain 
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structural homology across species, suggesting a conservation of their structure/function 
relationship (Ornitz et al, J. Biol Chem. 271(25):15292-15297, 1996.). A protein is a 
member of the FGF family, as used herein, if it shows significant sequence and three- 
dimensional structural homology to other members of the FGF family, FGF-like activity 
in in vitro or in vivo assays and binds to glycosaminoglycan or glycosaminoglycan-like 
substances and/or has an activity that can be regulated with glycosaminoglycans and/or 
glycosaminoglycan-like substances. FGFs include, but are not limited to FGF1, FGF2, 
FGF7, FGF10 and FGF20. FGF7 5 for example, is characterized as having an important 
role in inflammatory bowel disease and pulmonary epithelial injury. FGF7 overactivity 
has also been associated with colorectal cancer and benign prostatic hypertrophy (BPH). 
Also as mentioned above, VEGFs can regulate cell growth and angiogenesis. There are 
a number of VEGF isoforms, and they show variable interactions with GAGs. As used 
herein, a protein is a member of the VEGF family if it shows significant sequence and/or 
three-dimensional structure homology to other members of the VEGF family, have 
VEGF-like activity in in vitro or in vivo assays and can bind to glycosaminoglycans 
and/or glycosaminoglycan-like substances and/or has an activity that can be regulated 
with glycosaminoglycans and/or glycosaminoglycan-like substances. VEGFs, therefore, 
include, for example, VEGF-A, VEGF-C and VEGF-D. VEGFs also include isoforms 
and splice variants of the foregoing, VEGFs, therefore, also include mouse VEGF-A 
isoforms (VEGFno, VEGF i6 4 and VEGFi 88 ) and human VEGF-A isoforms (VEGFm, 
VEGF145, VEGFi 65 , VEGF i89 and VEGF 20 6 isoforms). 

The activity of a FGF and/or VEGF can be modulated with a GAG or GAG 
fraction. Compositions of and methods for modulating an activity of a FGF and/or 
VEGF with a GAG or GAG fraction are, therefore, provided. Members of the GAG 
family of complex polysaccharides include DS, CS, HSGAG, keratan sulfate and 
hyaluronic acid. CS and DS glycosaminoglycan polysaccharides, have been implicated 
in biological processes ranging from osteoarthritis to anticoagulation. DS is a member of 
a subset of the GAG family referred to as galactosaminoglycans (GalAGs). 
Galactosaminoglycans are composed of a disaccharide repeat unit of uronic acid [-L- 
iduronic (IdoA) or -D-glucuronic (GlcA)] linked to JV-acetyl-D-galactosamine 
(GalNAc). These basic disaccharide units are linearly associated to form polymers of 
chondroitin sulfate (CS) or dermatan sulfate (DS). The uronic acids of CS are 
exclusively GlcA; with DS, epimerization at the C-5 position of the uronic acid moiety 
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during biosynthesis results in a mixture of IdoA and GlcA epimers. CS can be O- 
sulfated at the C-4 of the galactosamine (chondroitin-4-sulfate, C4S or CS A) or the C6 
of the galactosamine (chondroitin-6-sulfate, C6S or CS C). For DS, C-4 sulfation of the 
galactosamine is a common modification and Osulfation at C-2 of the IdoA moiety may 
also occur. Other rare modifications in CS, such as 2-0 or 3-0 sulfation of the GlcA 
moiety, have also been reported (Nadanaka, S. and Sugahara, K. (1997) Glycobiology 7, 
253-263; Sugahara, K., et al. (1996) J Biol Chem 271, 26745-26754.) The GAG family, 
therefore, includes chondroitin and dermatan sulfate GAGs, such as C4S, C6S 5 DS, 
chondroitin, chondroitin D, chondroitin E, chondroitin sulfate D (CS D), chondroitin 
sulfate E (CS E) and hyaluronan. 

An activity of a FGF (e.g., FGF7) and/or a VEGF (e.g., VEGF-D) can be 
modulated with highly sulfated glycosaminoglycans or undersulfated 
glycosaminoglycans. The GAGs for use in the compositions and methods provided, 
therefore, can be highly sulfated GAGs. "Highly sulfated GAGs" are intended to be 
glycosaminoglycans or glycosaminoglycan fragments in which the majority of the 
disaccharides of the glycosaminoglyan are di- or tri-sulfated. Highly sulfated 
glycosaminoglycans, therefore, include glycosaminoglycans or glycosaminoglycan 
fragments thereof, wherein at least 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 
90%, 95% or more of the disaccharides are di-sulfated. Highly sulfated GAGs also 
include glycosaminoglycans or gtycosaminoglycan fragments thereof, wherein at least 
20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95% or more of the 
disaccharides are tri-sulfated. Highly sulfated GAGs further include 
glycosaminoglycans or glycosaminoglycan fragments thereof, wherein at least 20%, 
25%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95% or more of the disaccharides 
are either di- or tri-sulfated. 

Highly sulfated glycosaminoglycans also includes highly sulfated dermatan 
sulfates and chondroitin sulfates. Highly sulfated dermatan sulfates are dermatan 
sulfates wherein at least 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95% 
or more of the disaccharides are di-sulfated, tri-sulfated or either di-sulfated or tri- 
sulfated. Likewise, highly sulfated chondroitin sulfates are chondroitin sulfates wherein 
at least 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95% or more of the 
disaccharides are di-sulfated, tri-sulfated or either di-sulfated or tri-sulfated. In some 
embodiments, at least 40%, 50%, 60%, 70% or 50% of the highly sulfated dermatan 
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sulfate or highly sulfated chondroitin sulfate axe either di- or tri-sulfated. In some 
embodiments, at least 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95% or 
more of the disaccharides of the highly sulfated DS are ADi 2S,4S. In other 
embodiments, at least 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95% or 
more of the disaccharides of the highly sulfated DS are ADi 4S,6S, In one embodiment, 
the highly sulfated DS contains about 4-5% ADi 2S,4S,6S, about 4-5% ADi 2S,4S, about 
40% ADi 4S,6S and about 50% ADi 4S. Compositions comprising this DS are also 
provided as are methods of their use. In some embodiments, at least 20%, 25%, 30%, 
40%, 50%, 60%, 70%, 80%, 85%, 90%, 95% or more of the disaccharides of the highly 
sulfated CS are ADi 2S,6S. In other embodiments, at least 20%, 25% 5( 30%, 40%, 50%, 
60%, 70%>, 80%, 85%, 90%, 95% or more of the disaccharides of the highly sulfated CS 
are ADi 4S,6S. In still other embodiments, at least 65%, 70%, 75%, 80%, 85%, 90%, 
95% or more of the disaccharides of the highly sulfated CS are ADi 4S,6S. 

The highly sulfated glycosaminoglycans can be obtained from nature or can be 
produced to have certain levels of sulfation. The process of altering a naturally occurring 
glycosaminoglycan to have certain levels of sulfation is also referred to herein as 
"oversulfation" or "undersulfation". Oversulfation refers to increasing the amount of 
sulfation of a naturally occurring glycosaminoglycan. Undersulfation refers to 
decreasing the amount of sulfation of a naturally occurring glycosaminoglycan. 
Compositions of and methods of using oversulfated and undersulfated 
glycosaminoglycans are also provided herein, Oversulfated glycosaminoglycans are 
intended to be included in the use of the term highly sulfated glycosaminoglycans. 

Oversulfated glycosaminoglygans include oversulfated DS and oversulfated CS. 
Commercial DS is predominantly sulfated at the 4-0 position of the N-acetyl 
galactosamine (GalNac) residue. In addition, small amounts of 2-0/4-0 and 4-0/6-0 
disulfated disaccharides are present. It is possible, for example, to specifically increase 
the sulfation of commercial DS at the 6-0 position of the GalNac moiety. Similar to DS, 
commercially available chondroitin sulfate A is characterized by primary sulfation at the 
4-0 position of GalNac. CSA can also be chemically sulfated in an attempt to generate 
4-0/6-0 disulfated chondroitin sulfate (CSD), The production of oversulfated dermatan 
sulfates and oversulfated chondroitin sulfates has been previously described (U.S. Patent 
Nos. 5,382,570, 5,529,985, 5,668,274; 5,922,690; 6,486,137) and are provided herein. 
Briefly, a glycosaminoglycan or fragment thereof can be reacted with triethylamine 
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sulfur trioxide in formamide at 60°C for 24 hours. The sample can then be diluted with 
95% ethanol and incubated for 30 minutes. The sample can then be diluted with 1% 
NaCl and the pH adjusted to 7,0. The sample can then be desalted using P2 column and 
lyophilized. Preferably, the reaction increases the percentage of 4-0/6-0 disulfated 
disaccharides in the polymer from 3% to 40%. The method can also include first 
partially digesting the glycosaminoglycan, such as with a glycosaminoglycan-degrading 
enzyme, such as chondroitinase B. A "glycosaminoglycan-degrading enzyme 55 is any 
enzyme that somehow modifies a glycosaminoglycan. The modification can be 
cleavage. Such enzymes include heparinases, chondroitinases (e.g., chondroitinase B, 
chondroitinase ABC, chondroitinase AC, etc.), glycuronidases, glucuronidases, 
sulfatases, etc. The method can also include a step of isolating the partially digested 
glycosaminoglycan fragments, such as specific 4-0 or 6-0 sulfated oligosaccharides, and 
it is these fragments that are subsequently chemically sulfated. Alternatively, such 
fragments can be obtained from a glycosaminoglycan that has been chemically sulfated, 
and the fragments are subjected to further sulfation. Methods of forming undersulfated 
dermatan sulfates and chondroitin sulfates have also been described (U.S. Patent 
Application No. 20030149253). 

The oversulfated or undersulfated glycosaminoglycans that are produced can then 
be analyzed. The analysis, for example, can be any assessment of the effect of the 
oversulfated or undersulfated glycosaminoglycan on an activity of, for example, a FGF 
and/or VEGF. Examples of methods of such analysis are provided herein in the 
Examples. For example, activity can be assessed using the FGF/VEGF cell system 
described herein. As another example, an activity of the produced glycosaminoglycans 
can be assessed and compared with other glycosaminoglycans. The activity can be, for 
example, the ability to inhibit thrombin via the heparin cofactor II pathway. Other 
activities and assays are known in the art. 

Glycosaminoglycan fractions can also be used to modulate a FGF and/or VEGF, 
either alone, or in a mixture of multiple growth factors (including multiple families). 
Therefore, in some embodiments, the GAGs for the compositions and methods provided 
are the GAGs of a highly sulfated GAG fraction. As used herein, a "highly sulfated 
GAG fraction" is a sample of GAGs in which the majority of the GAGs of the sample 
are highly sulfated. In some embodiments, at least 50%, 60%, 70%, 80%, 85%, 90%, 
95% or more of the GAGs are highly sulfated. Generally, but not necessarily, such a 
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sample is a fractionated portion of a larger sample of GAGs, Fractionation methods for 
selecting fractions of GAGs are well known in the art. In one embodiment, the highly 
sulfated GAG fraction is DS DT. 

v As used herein, in some embodiments, the GAGs or GAG fractions are 
substantially pure. The term "substantially pure" means that the GAGs or GAG fractions 
are essentially free of other substances to an extent practical and appropriate for their 
intended use. In some embodiments, a substantially pure compositions can be one that 
also contains one or more salts. In other embodiments, a substantially pure composition 
is one that does not contain one or more salts. In certain embodiments, the GAGs or 
GAG fractions are sufficiently pure and are sufficiently free from other biological 
constituents of the cells from which they are derived so as to be useful in, for example, 
pharmaceutical preparations. GAGs or GAG fractions can be isolated from biological 
samples, and can also be produced synthetically. In some embodiments, the 
compositions containing one or more GAGs or one or more GAG fractions is greater 
than 90% free of contaminants. Preferably, the material is greater than 91%, 92%, 93%, 
94%, 95%, 96%, 97%, 98%, or even greater then 99% free of contaminants. In some 
embodiments, the contaminant can be a salt. In other embodiments, depending on the 
intended use, a salt is not considered a contaminant. The degree of purity may be 
assessed by means known in the art. 

As used herein, a GAG may be isolated. "Isolated" means separated from its 
native environment and present in sufficient quantity to permit its identification or use. 
Isolated GAGs may be, but need not be, substantially pure. Because an isolated GAG 
may be admixed with a pharmaceutically acceptable carrier in a pharmaceutical 
preparation, the GAG may comprise only a small percentage by weight of the 
preparation. The GAG is nonetheless isolated in that it has been separated from the 
substances with which it may be associated in living systems. 

In addition to GAGs from natural sources, the GAGs of the invention also 
include molecules that are biotechnologically prepared, chemically modified and 
synthetic. The term "biotechnological prepared" encompasses GAGs that are prepared 
from natural sources of GAGs which have been chemically modified. Such GAGs are 
known to those of skill in the art. Synthetic GAGs are also well known to those of skill 
in the art. As used herein a "sample" of GAGs is meant to include any sample which has 
one or more GAGs contained therein. 
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Also provided are a wide range of uses for the compositions provided herein. For 
example, enhancing FGF7 function by oversulfated DS, oversulfated CS and/or highly 
sulfated HSGAGs is useful in promoting wound healing, scar reduction, treating cancer 
(e.g., bladder cancer, etc.), treating inflammatory disease (e.g., inflammatory bowel 
disease) and promoting epithelial cell survival (e.g., pulmonary epithelial cell survival, 
such as after inhalation burns, etc.). As another example, enhancing VEGF-D function 
by oversulfated DS, oversulfated CS, and/or highly sulfated HSGAGs is useful in 
promoting microvessel enlargement (e.g., for tissue engineering, scar reduction, wound 
healing, etc.) and growing muscle. As a further example, inhibition of FGF7 activity in a 
mixture of growth factors, such as with heparin, has therapeutic value for treating , for 
example, chronic liver disease, excessive wound healing, cancer (e.g., colon/colorectal 
cancer, prostate cancer, pancreatic cancer) and BPH. Inhibition of VEGF-D activity in a 
mixture of growth factors, such as with heparin, has therapeutic value for treating cancer 
(e,g., prostate cancer and gastric cancer (primarily by preventing metastases)). As a 
further example, DS or highly or oversulfated DS, could be used to prevent diabetic 
nephropathy. DS, for example, supports the activities of FGF2 and FGF7. The 
compositions provided can also enhance heparin cofactor II-mediated inhibition of 
thrombin. Methods are, therefore, provided for treating a subject with any of the 
conditions, diseases or disorders described herein using a composition of the invention. 
Methods are also provided for enhancing or inhibiting a function described herein with a 
composition of the invention. 

In some embodiments the inflammatory disease is non-autoimmune 
inflammatory bowel disease, post-surgical adhesions, coronary artery disease, hepatic 
fibrosis, acute respiratory distress syndrome, acute inflammatory pancreatitis, endoscopic 
retrograde cholangiopancreatography-induced pancreatitis, burns, atherogenesis of 
coronary, cerebral and peripheral arteries, appendicitis, cholecystitis, diverticulitis, 
visceral fibrotic disorders, wound healing, skin scarring disorders (keloids,, hidradenitis 
suppurativa), granulomatous disorders (sarcoidosis, primary biliary cirrhosis), asthma, 
pyoderma gandrenosum, Sweet's syndrome, Behcet's disease, primary sclerosing 
cholangitis or an abscess. In some preferred embodiment the inflammatory disease is 
inflammatory bowel disease (e.g., Crohn's disease or ulcerative colitis). 

The inflammatory disease can be an autoimmune disease. The autoimmune 
disease in some embodiments is rheumatoid arthritis, rheumatic fever, ulcerative colitis, 
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Crohn's disease, autoimmune inflammatory bowel disease, insulin-dependent diabetes 
mellitus, diabetes mellitus, juvenile diabetes, spontaneous autoimmune diabetes, 
gastritis, autoimmune atropine gastritis, autoimmune hepatitis, thyroiditis, Hashimoto's 
thyroiditis, insulitis, oophoritis, orchitis, uveitis, phacogenic uveitis, multiple sclerosis, 
myasthenia gravis, primaiy myxoedema, thyrotoxicosis, pernicious anemia, autoimmune 
haemolytic anemia, Addison's disease, Anklosing spondylitis, sarcoidosis, scleroderma, 
Goodpasture's syndrome, Guillain-Barre syndrome, Graves' disease, glomerulonephritis, 
psoriasis, pemphigus vulgaris, pemphigoid, sympathetic opthalmia, idiopathic 
thrombocytopenic purpura, idiopathic feucopenia, Siogren's syndrome, systemic 
sclerosis, Wegener's granulomatosis, poly/dermatomyositis, lupus or systemic lupus 
ery themato sus . 

The subject can be in need of wound healing or scar reduction. As used herein, a 
subject that is "in need of wound healing or scar reduction" is a subject with a wound or 
a scar in which the therapeutics provided herein would have some benefit. As used 
herein, the term "wound" is used to describe skin wounds and tissue wounds. A skin 
wound is defined herein as a break in the continuity of skin tissue which is caused by 
injury to the skin. Skin wounds are generally characterized by several classes including 
punctures, incisions, including those product by surgical procedures, excisions, 
lacerations, abrasions, atrophic skin, or necrotic wounds and burns. A "tissue wound" 
as used herein is a wound to an internal organ, such as a blood vessel, intestine, colon, 
etc. For instance, during the repair of arteries the vessel needs to be sealed and wound 
healing must be promoted. 

The methods of the invention are also useful for preventing scar formation. The 
compositions can be use to prevent the formation of a scar at the same time as promoting 
wound healing. Alternatively, the compositions may be used for preventing scar 
formation by reducing or initiating regression of existing scars. Scar tissue as used 
herein refers to the fiber rich formations arising from the union of opposing surfaces of a 
wound. The term "reduction in scar formation" as used herein refers to the production of 
a scar smaller in size than would ordinarily have occurred in the absence of the active 
components and/or a reduction in the size of an existing scar. 

The compositions of the invention are also useful for treating and preventing 
cancer cell proliferation and metastasis. Thus, according to another aspect of the 
invention, the subject is one that has or is at risk of having cancer. A "subject that has 
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cancer" is a subject that has detectable cancerous cells. The cancer may be a malignant 
or non-malignant cancer. Cancers or tumors include but are not limited to biliary tract 
cancer; brain cancer; breast cancer; cervical cancer; choriocarcinoma; colon cancer; 
endometrial cancer; esophageal cancer; gastric cancer; intraepithelial neoplasms; 
lymphomas; liver cancer; lung cancer (e.g. small cell and non-small cell); melanoma; 
neuroblastomas; oral cancer; ovarian cancer; pancreas cancer; prostate cancer; rectal 
cancer; sarcomas; skin cancer; testicular cancer; thyroid cancer; and renal cancer, as well 
as other carcinomas and sarcomas. Cancers also include cancer of the blood and larynx, 
A "subject at risk of having a cancer" as used herein is a subject who has a high 
probability of developing cancer. These subjects include, for instance, subjects having a 
genetic abnormality, the presence of which has been demonstrated to have a correlative 
relation to a higher likelihood of developing a cancer and subjects exposed to cancer 
causing agents such as tobacco, asbestos, or other chemical toxins, or a subject who has 
previously- been treated for cancer and is in apparent remission. 

Additionally, the subject can also be one in which unwanted angiogenesis is 
occuring. Angiogenesis as used herein is the inappropriate formation of new blood 
vessels. "Angiogenesis" often occurs in tumors when endothelial cells secrete a group of 
growth factors that are mitogenic for endothelium causing the elongation and 
proliferation of endothelial cells which results in a generation of new blood vessels. The 
inhibition of angiogenesis can cause tumor regression in animal models, suggesting a use 
as a therapeutic anticancer agent. An effective amount for inhibiting angiogenesis is an 
amount which is sufficient to diminish the number of blood vessels growing into a 
tumor. This amount can be assessed in an animal model of tumors and angiogenesis, 
many of which are known in the art. 

The subject can be one who has a disease associated with excessive VEGF- 
mediated angiogenesis. Such disease include, for example, age-related macular 
degeneration and diabetic neuropathy. 

The subject can also be one in which the subject has chronic liver disease or 

BPH. 

The terms "treat 55 and "treating", as used herein, refer to inhibiting completely or 
partially a biological effect of a condition, disease or disorder, as well as inhibiting any 
increase in a biological effect of a condition, disease or disorder. When used in terms of 
treating an inflammatory disease, the terms are also intended to refer to inhibiting 
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completely or partially an inflammatory response and/or resulting inflammation and/or a 
symptom of the inflammatory disease. When used in terms of treating cancer, the terms 
are intended to refer to inhibiting or eliminating cancer cell growth and/or a reduction or 
elimination of a sympton or side effect of the cancer. When used to refer to treating 
tumor cell proliferation, as used herein, the terms also refer to inhibiting completely or 
partially the proliferation or metastasis of a cancer or tumor cell, as well as inhibiting any 
increase in the proliferation or metastasis of a cancer or tumor cell. 

Each of the conditions, diseases or disorders recited herein is well-known in the 
art and/or is described, for instance, in Harrison's Principles of Internal Medicine 
(McGraw Hill, Inc., New York), which is incorporated by reference. 

The compositions provided can include an additional therapeutic agent. 
Similarly, the methods provided can also include contacting or administering an 
additional therapeutic agent. An "additional therapeutic agent" is any agent that can 
result is some benefit for any condition, disease or disorder that can be treated with the 
compositions of the invention and that is in addition to the compositions of the invention. 
In one embodiment, the additional therapeutic agent is a FGF or a VEGF. Therefore, 
compositions of the GAGs provided herein and a FGF or a VEGF or both are also 
provided. Methods of using such compositions as provided herein are also provided. 

The additional therpeutic agent can be an anti-cancer agent. Anti-cancer agents 
include Acivicin; Aclarubicin; Acodazole Hydrochloride; Acronine; Adriamycin; 
Adozelesin; Aldesleukin; Altretamine; Ambomycin; Ametantrone Acetate; 
Aminoglutethimide; Amsacrine; Anastrozole; Anthramycin; Asparaginase; Asperlin; 
Azacitidine; Azetepa; Azotomycin; Batimastat; Benzodepa; Bicalutamide; Bisantrene 
Hydrochloride; Bisnafide Dimesylate; Bizelesin; Bleomycin Sulfate; Brequinar Sodium; 
Bropirimine; Busulfan; Cactinomycin; Calusterone; Caracemide; Carbetimer; 
Carboplatin; Carmustine; Carubicin Hydrochloride; Carzelesin; Cedefingol; 
Chlorambucil; Cirolemycin; Cisplatin; Cladribine; Crisnatol Mesylate; 
Cyclophosphamide; Cytarabine; Dacarbazine; Dactinomycin; Daunorubicin 
Hydrochloride; Decitabine; Dexormaplatin; Dezaguanine; Dezaguanine Mesylate; 
Diaziquone; Docetaxel; Doxorubicin; Doxorubicin Hydrochloride; Droloxifene; 
Droloxifene Citrate; Dromostanolone Propionate; Duazomycin; Edatrexate; Eflornithine 
Hydrochloride; Elsamitrucin; Enloplatin; Enpromate; Epipropidine; Epirubicin 
Hydrochloride; Erbulozole; Esorubicin Hydrochloride; Estramustine; Estramustine 
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Phosphate Sodium; Etanidazole; Etoposide; Etoposide Phosphate; Etoprine; Fadrozole 
Hydrochloride; Fazarabine; Fenretinide; Floxuridine; Fludarabine Phosphate; 
Fluorouracil; Flurocitabine; Fosquidone; Fostriecin Sodium; Gemcitabine; Gemcitabine 
Hydrochloride; Hydroxyurea; Idarubicin Hydrochloride; Ifosfamide; Ilmofosine; 
Interferon Alfa-2a; Interferon Alfa-2b; Interferon Alfa-nl; Interferon Alfa~n3; Interferon 
Beta- I a; Interferon Gamma- I b; Iproplatin; Irinotecan Hydrochloride; Lanreotide 
Acetate; Letrozole; Leuprolide Acetate; Liarozole Hydrochloride; Lometrexol Sodium; 
Lomustine; Losoxantrone Hydrochloride; Masoprocol; Maytansine; Mechlorethamine 
Hydrochloride; Megestrol Acetate; Melengestrol Acetate; Melphalan; Menogaril; 
Mercaptopurine; Methotrexate; Methotrexate Sodium; Metoprine; Meturedepa; 
Mitindomide; Mitocarcin; Mitocromin; Mitogillin; Mitomalcin; Mitomycin; Mitosper; 
Mitotane; Mitoxantrone Hydrochloride; Mycophenolic Acid; Nocodazole; Nogalamycin; 
Ormaplatin; Oxisuran; Paclitaxel; Pegaspargase; Peliomycin; Pentamustine; Peplomycin 
Sulfate; Perfosfamide; Pipobroman; Piposulfan; Piroxantrone Hydrochloride; 
Plicamycin; Plomestane; Porfimer Sodium; Porfiromycin; Prednimustine; Procarbazine 
Hydrochloride; Puromycin; Puromycin Hydrochloride; Pyrazofurin; Riboprine; 
Rogletimide; Safingol; Safingol Hydrochloride; Semustine; Simtrazene; Sparfosate 
Sodium; Sparsomycin; Spirogermanium Hydrochloride; Spiromustine; Spiroplatin; 
Streptonigrin; Streptozocin; Sulofenur; Talisomycin; Tecogalan Sodium; Tegafur; 
Teloxantrone Hydrochloride; Temoporfin; Teniposide; Teroxirone; Testolactone; 
Thiamiprine; Thioguanine; Thiotepa; Tiazofurin; Tirapazamine; Topotecan 
Hydrochloride; Toremifene Citrate; Trestolone Acetate; Triciribine Phosphate; 
Trimetrexate; Trimetrexate Glucuronate; Triptorelin; Tubulozole Hydrochloride; Uracil 
Mustard; Uredepa; Vapreotide; Verteporfin; Vinblastine Sulfate; Vincristine Sulfate; 
Vindesine; Vindesine Sulfate; Vinepidine Sulfate; Vinglycinate Sulfate; Vinleurosine 
Sulfate; Vinorelbine Tartrate; Vinrosidine Sulfate; Vinzolidine Sulfate; Vorozole; 
Zeniplatin; Zinostatin and Zorubicin Hydrochloride. 

Anti-cancer agents also can include cytotoxic agents and agents that act on tumor 
neovasculature. Cytotoxic agents include cytotoxic radionuclides, chemical toxins and 
protein toxins. The cytotoxic radionuclide or radiotherapeutic isotope preferably is an 
alpha-emitting isotope such as 225 Ac 5 211 At ? 212 Bi, 213 Bi> 212 Pb, 224 R a or 223 Ra. 
Alternatively, the cytotoxic radionuclide may a beta-emitting isotope such as 186 Rh ? 
188Rh, 177 Lu? 90 Y , 131 I? 61 Cu> ^Cn, 153 Sm or 166 Ho . Further, the cytotoxic 
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radionuclide may emit Auger and low energy electrons and include the isotopes 125^ 
123j or 77 Br . 

Anti-cancer agents also include suitable chemical toxins or chemotherapeutic 
agents, such as members of the enediyne family of molecules, such as calicheamicin and 
esperamicin. Chemical toxins can also be taken from the group consisting of 
methotrexate, doxorubicin, melphalan, chlorambucil, ARA-C, vindesine, mitomycin C, 
cis~platinum, etoposide, bleomycin and 5-fluorouracil. Toxins also include poisonous 
lectins, plant toxins such as ricin, abrin, modeccin, botulina and diphtheria toxins. Of 
course, combinations of the various toxins are also provided thereby accommodating 
variable cytotoxicity. Other chemotherapeutic agents are known to those skilled in the 
ait. 

Anticancer agents also include immunomodulators such as a-interferon, 
p-interferon, and tumor necrosis factor alpha (TNF). 

Additional therapeutic agents can be agents that act on the tumor vasculature can 
include tubulin-binding agents such as combrestatin A4 (Griggs et al., Lancet Oncol. 
2:82, 2001), angiostatin and endostatin (reviewed in Rosen, Oncologist 5:20, 2000, 
incorporated by reference herein), interferon inducible protein 10 (U,S, Patent No. 
5,994,292), and the like. 

The additional therapeutic agent can be an anti-inflammatory agent. Anti- 
inflammatory agents include Alclofenac; Alclometasone Dipropionate; Algestone 
Acetonide; Alpha Amylase; Amcinafal; Amcinafide; Amfenac Sodium; Amiprilose 
Hydrochloride; Anakinra; Anirolac ; Anitrazafen; Apazone; Balsalazide Disodium; 
Bendazac; Benoxaprofen; Benzydamine Hydrochloride; Bromelains; Broperamole; 
Budesonide; Carprofen; Cicloprofen; Cintazone; Cliprofen; Clobetasol Propionate; 
Clobetasone Butyrate; Clopirac; Cloticasone Propionate; Cormethasone Acetate; 
Cortodoxone; Deflazacort; Desonide; Desoximetasone; Dexamethasone Dipropionate; 
Diclofenac Potassium; Diclofenac Sodium; Diflorasone Diacetate; Diflumidone Sodium; 
Diflunisal ; Difluprednate; Diftalone; Dimethyl Sulfoxide; Drocinonide; Endrysone; 
Enlimomab ; Enolicam Sodium ; Epirizole ; Etodolac; Etofenamate ; Felbinac; 
Fenamole; Fenbufen; Fenclofenac; Fenclorac; Fendosal; Fenpipalone; Fentiazac; 
Flazalone; Fluazacort; Flufenamic Acid; Flumizole; Flunisolide Acetate; Flunixin ; 
Flunixin Meglumine ; Fluocortin Butyl; Fluorometholone Acetate; Fluquazone; 
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Flurbiprofen ; Fluretofen; Fluticasone Propionate; Furaprofen; Furobufen; Halcinonide; 
Halobetasol Propionate; Halopredone Acetate; Ibufenac ; Ibuprofen; Ibuprofen 
Aluminum; Ibuprofen Piconol; Ilonidap; Indomethacin; Indomethacin Sodium; 
Indoprofen ; Indoxole ; Intrazole; Isoflupredone Acetate; Isoxepac; Isoxicam; 
Ketoprofen; Lofemizole Hydrochloride ; Lornoxicam ; Loteprednol Etabonate; 
Meclofenamate Sodium; Meclofenamic Acid; Meclorisone Dibutyrate; Mefenamic Acid 
; Mesalamine; Meseclazone; Methylprednisolone Suleptanate; Morniflumate; 
Nabumetone; Naproxen ; Naproxen Sodium; Naproxol ; Nimazone; Olsalazine Sodium; 
Orgotein ; Orpanoxin; Oxaprozin; Oxyphenbutazone; Paranyline Hydrochloride; 
Pentosan Polysulfate Sodium; Phenbutazone Sodium Glycerate; Pirfenidone ; Piroxicam; 
Piroxicam Cinnamate; Piroxicam Olamine; Pirprofen; Prednazate; Prifelone; Prodolic 
Acid; Proquazone; Proxazole; Proxazole Citrate ; Rimexolone; Romazarit ; Salcolex ; 
Salnacedin; Salsalate ; Salycilates; Sanguinarium Chloride ; Seclazone ; Sermetacin; 
Sudoxicam; Sulindac; Suprofen; Talmetacin; Talmflumate; Talosalate ; Tebufelone ; 
Tenidap; Tenidap Sodium; Tenoxicam; Tesicam; Tesimide; Tetrydamine; Tiopinac; 
Tixocortol Pivalate; Tolmetin; Tolmetin Sodium; Triclonide; Triflumidate; Zidometacin; 
Glucocorticoids and Zomepirac Sodium. 

The compositions may be delivered with agents for the treatment of wounds such 
as, for instance, dexpanthenol, growth factors, enzymes or hormones, povidon-iodide, 
fatty acids, such as cetylphridinium chloride, antibiotics, and analgesics. Growth factors 
useful in would healing include, but are not limited to, fibroblast growth factor (FGF), 
FGF-1, FGF-2, FGF-4, platelet-derived growth factor (PDGF), insulin-binding growth 
factor (IGF), IGF-1, IGF-2, epidermal growth factor (EGF), transforming growth factor 
(TGF), TGF-a, TGF-fJ, cartilage inducing factors-A and — B, osteoid-inducing factors, 
osteogenin and other bone growth factors, collagen growth factors, heparin-binding 
growth factor- 1 or —2, and/or their biologically active derivatives. The compositions 
may also include antiseptics. 

As mentioned above, the compositions may also be delivered with FGF and/or 
VEGF. The FGF or VEGF may be a nucleic acid that expresses functional FGF or 
VEGF or it may be a peptide. The isolated FGF or VEGF nucleic acids of the invention 
also include nucleic acids encoding fragments of an intact FGF or VEGF. Preferably, 
the fragments are functional equivalents of the intact FGF or VEGF nucleic acid. For 
example, the FGF or VEGF nucleic acids may encode a fragment that is a "soluble FGF 
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or VEGF polypeptide" or a fragment that is a "membrane-associated FGF or VEGF 
polypeptide". Soluble FGF or VEGF polypeptides, nucleic acids encoding same, and 
vectors containing said nucleic acids are described. FGF nucleic acid sequences have 
been described in US Patents such as 6,844,193, 6,844,168, 6,797,695, 6,716,626, 
6,518,236, and 6,403,557. VEGF nucleic acid sequences have been described in US 
Patents such as 7,005,505, 6,818,220, 6,783,954, 6,783,953 6,750,044 and 6,734,285 and 
in Genbank numbers NM_00 1033756, NMJ)01025370, NM_001025369, 
NMJXH025368, NMJ)01025367, NM 003376, NMJXH025366. 

The invention also embraces nucleic acid molecules that differ from the 
foregoing in that the nucleic acids encode a FGF or VEGF polypeptide that has one or 
more amino acid substitutions that don't knock out functionality. 

The FGF and VEGF nucleic acids are known, as described above, but variants 
and other modified forms can be identified by conventional techniques, e.g., by 
identifying nucleic acid sequences which code for FGF or VEGF polypeptides and which 
hybridize to a nucleic acid molecule having the known sequences of FGF or VEGF 
under stringent conditions. The term "stringent conditions", as used herein, refers to 
parameters with which the art is familiar. More specifically, stringent conditions, as 
used herein, refer to hybridization at 65°C in hybridization buffer (3.5 x SSC, 0.02% 
Ficoll, 0.02% polyvinyl pyrolidone, 0.02% bovine serum albumin, 2.5mM NaH2P04 
(pH 7), 0.5% SDS, 2mM EDTA). SSC is 0.15M sodium chloride/0. 15M sodium citrate, 
pH 7; SDS is sodium dodecyl sulphate; and EDTA is ethylenediaminetetraacetic acid. 
After hybridization, the membrane to which the DNA is transferred is washed at 2x SSC 
at room temperature and then at O.lx SSC/O.lx SDS at 65°C. 

There are other conditions, reagents, and so forth which can be used, which result 
in a similar degree of stringency. The skilled artisan will be familiar with such 
conditions and, thus, they are not given here. It will be understood, however, that the 
skilled artisan will be able to manipulate the conditions in a manner to permit the clear 
identification of homologs and alleles of FGF or VEGF nucleic acids. The skilled artisan 
also is familiar with the methodology for screening cells and libraries for the expression 
of molecules, such as FGF or VEGF, can be isolated, following by isolation of the 
pertinent nucleic acid molecule and sequencing. In screening for FGF or VEGF nucleic 
acid sequences, a Southern blot may be performed using the foregoing conditions, 
together with a radioactive probe. After washing the membrane to which the DNA is 
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finally transferred, the membrane can be placed against x-ray film to detect the 
radioactive signal. 

In general, homologs and alleles typically will share at least 40% nucleotide 
identity with known functional FGF or VEGF nucleic acids; in some instances, will 
share at least 50% nucleotide identity; and in still other instances, will share at least 60% 
nucleotide identity. Watson-Crick complements of the foregoing nucleic acids are also 
useful. The homologs may have at least 70%, 80% or 90% sequence homology. 

Useful nucleic acids also include degenerate nucleic acids which include 
alternative codons to those present in the naturally occurring nucleic acids that code for 
the human FGF or VEGF polypeptide. For example, serine residues are encoded by the 
codons TCA, AGT, TCC, TCG, TCT and AGC. Each of the six codons is equivalent for 
the purposes of encoding a serine residue. Thus, it will be apparent to one of ordinary 
skill in the art that any of the serine-encoding nucleotide codons may be employed to 
direct the protein synthesis apparatus, in vitro or in vivo, to incorporate a serine residue. 
Similarly, nucleotide sequence triplets which encode other amino acid residues include, 
but are not limited to, CCA, CCC, CCG and CCT (proline codons); CGA, CGC, CGG, 
CGT, AGA and AGG (arginine codons); ACA, ACC, ACG and ACT (threonine 
codons); AAC and AAT (asparagine codons); and ATA, ATC and ATT (isoleucine 
codons). Other amino acid residues may be encoded similarly by multiple nucleotide 
sequences. 

The FGF or VEGF nucleic acid, in one embodiment, is operably linked to a gene 
expression sequence which directs the expression of the FGF or VEGF nucleic acid 
within a eukaryotic cell. The "gene expression sequence" is any regulatory nucleotide 
sequence, such as a promoter sequence or promoter-enhancer combination, which 
facilitates the efficient transcription and translation of the FGF or VEGF nucleic acid to 
which it is operably linked. The gene expression sequence may, for example, be a 
mammalian or viral promoter, such as a constitutive or inducible promoter. Constitutive 
mammalian promoters include, but are not limited to, the promoters for the following 
genes: hypoxanthine phosphoribosyl transferase (HPTR), adenosine deaminase, pyruvate 
kinase, |3-actin promoter and other constitutive promoters- Exemplary viral promoters 
which function constitutively in eukaryotic cells include, for example, promoters from 
the simian virus, papilloma virus, adenovirus, human immunodeficiency virus (HIV), 
Rous sarcoma virus, cytomegalovirus, the long terminal repeats (LTR) of moloney 
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leukemia virus and other retroviruses, and the thymidine kinase promoter of herpes 
simplex virus. Other constitutive promoters are known to those of ordinary skill in the 
art. The promoters useful as gene expression sequences of the invention also include 
inducible promoters. Inducible promoters are expressed in the presence of an inducing 
agent. For example, the metallothionein promoter is induced to promote transcription 
and translation in the presence of certain metal ions. Other inducible promoters are 
known to those of ordinary skill in the art. 

As used herein, a "FGF or VEGF peptide or polypeptide" refers to a functional 
FGF or VEGF. FGF or VEGF polypeptides further embrace functionally equivalent 
variants, and analogs of known FGF or VEGF peptides, provided that the fragments, 
variants, and analogs are functional. Accordingly, it is intended that polypeptides which 
have the amino acid sequence of FGF or VEGF but which include conservative 
substitutions are embraced within the instant invention. As used herein, "conservative 
amino acid substitution" refers to an amino acid substitution which does not alter the 
relative charge or size characteristics of the polypeptide in which the amino acid 
substitution is made. Conservative substitutions of amino acids include substitutions 
made amongst amino acids with the following groups: (1) M 5 I ? L 5 V; (2) F,Y,W; (3) 
K,R,H; (4) A,G; (5) S,T; (6) Q ? N; and, (7) E,D, 

Effective amounts of the compositions of the invention are administered to 
subjects in need of such treatment. Effective amounts are those amounts which will 
result in a desired improvement in the condition, disease or disorder or symptoms of the 
condition, disease or disorder. Effective amounts also include those amount that lead to 
the desired endpoint Such amounts can be determined with no more than routine 
experimentation. As used herein, an amount "effective to modulate a FGF or VEGF 
activity" is any amount of the agents of the invention alone or in combination with an 
additional therapeutic agent that is effective to modulate an activity of the FGF and/or 
VEGF. The modulation can be an increase or decrease in activity. 

It is believed that doses ranging from 1 nanogram/kilogram to 100 
milligrams/kilogram, depending upon the mode of administration, will be effective. In 
some embodiments the level of administration is between 3 micrograms to 14 milligrams 
per 4 square centimeter area of cells. The absolute amount will depend upon a variety of 
factors (including whether the administration is in conjunction with other methods of 
treatment, the number of doses and individual patient parameters including age, physical 
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condition, size and weight) and can be determined with routine experimentation. It is 
preferred, generally, that a maximum dose be used, that is, the highest safe dose 
according to sound medical judgment. The mode of administration may be any 
medically acceptable mode including oral, ocular, topical, transdermal, rectal, nasal, 
subcutaneous, intravenous, etc. or via administration to a mucous membrane. In some 
embodiments the mode of administration is topical administration. 

In general, when administered for therapeutic purposes, the formulations of the 
invention are applied in pharmaceutically acceptable solutions. Such preparations may 
routinely contain pharmaceutically acceptable concentrations of salt, buffering agents, 
preservatives, compatible carriers, adjuvants and optionally other therapeutic ingredients. 

The compositions of the invention may be administered per se (neat) or in the 
form of a pharmaceutically acceptable salt. When used in medicine the salts should be 
pharmaceutically acceptable, but non-pharmaceutically acceptable salts may 
conveniently be used to prepare pharmaceutically acceptable salts thereof and are not 
excluded from the scope of the invention. Such pharmacologically and pharmaceutically 
acceptable salts include, but are not limited to, those prepared from the following acids: 
hydrochloric, hydrobromic, sulphuric, nitric, phosphoric, maleic, acetic, salicylic, 
p-toluene sulphonic, tartaric, citric, methane sulphonic, formic, malonic, succinic, 
naphthalene-2-sulphonic, and benzene sulphonic. Also, pharmaceutically acceptable 
salts can be prepared as alkaline metal or alkaline earth salts, such as sodium, potassium 
or calcium salts of the carboxylic acid group. 

Suitable buffering agents include: acetic acid and a salt (1-2% W/V); citric acid 
and a salt (1-3% W/V); boric acid and a salt (0.5-2.5% W/V); and phosphoric acid and a 
salt (0.8-2% W/V). Suitable preservatives include benzalkonium chloride (0.003-0.03% 
W/V); chlorobutanol (0.3-0.9% W/V); parabens (0.01-0.25% W/V) and thimerosal 
(0.004-0.02% W/V). 

The present invention provides pharmaceutical compositions, for medical use, 
which comprise the one or more agents of the invention together with one or more 
pharmaceutically acceptable carriers and optionally other therapeutic ingredients. The 
pharmaceutical compositions can also, in some embodiments, include one or more 
additional therapeutic agents. The term "pharmaceutically-acceptable earner" as used 
herein, and described more fully below, means one or more compatible solid or liquid 
filler, dilutants or encapsulating substances which are suitable for administration to a 
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human or other animal. In the present invention, the term "carrier" denotes an organic or 
inorganic ingredient; natural or synthetic, with which the active ingredient is combined 
to facilitate the application. The components of the pharmaceutical compositions also 
are capable of being commingled with each other, in a manner such that there is no 
interaction which would substantially impair the desired pharmaceutical efficiency. The 
pharmaceutically acceptable carrier can, in some embodiments, be sterile. 

The compositions will be provided in different vessels, vehicles or formulations 
depending upon the disorder and mode of administration. For example, and as described 
in greater detail herein, for oral application, the compounds can be administered as 
sublingual tablets, gums, mouth washes, toothpaste, candy, gels, films, etc.; for ocular 
application, as eye drops in eye droppers, eye ointments, eye gels, eye packs, as a coating 
on a contact lens or an intraocular lens, in contacts lens storage or cleansing solutions, 
etc.; for topical application, as lotions^ ointments, gels, creams, sprays, tissues, swabs, 
wipes, etc.; for vaginal or rectal application, as an ointment, a tampon, a suppository, a 
mucoadhesive formulation, etc. 

A variety of other administration routes are also available. The particular mode 
selected will depend, of course, upon the particular active agent(s) selected, the desired 
results, the particular condition being treated and the dosage required for therapeutic 
efficacy. The methods of this invention, generally speaking, may be practiced using any 
mode of administration that is medically acceptable, meaning any mode that produces 
effective levels of inflammatory response alteration without causing clinically 
unacceptable adverse effects. One mode of administration is the parenteral route. The 
term "parenteral 11 includes subcutaneous injections, intravenous, intramuscular, 
intraperitoneal, intrasternal injection or infusion techniques. Other modes of 
administration include oral, mucosal, rectal, vaginal, sublingual, intranasal, intratracheal, 
inhalation, ocular, transdermal, etc. In some embodiments the administration of the 
compositions does not occur via the pulmonary route. In other embodiments the 
administration is intravenous, subcutaneous or by inhalation. 

For oral administration, the compounds can be formulated readily by combining 
the active compound(s) with pharmaceutically acceptable carriers well known in the art. 
Such carriers enable the compounds of the invention to be formulated as tablets, pills, 
dragees, capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral 
ingestion by a subject to be treated. Pharmaceutical preparations for oral use can be 
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obtained as solid excipient, optionally grinding a resulting mixture, and processing the 
mixture of granules, after adding suitable auxiliaries, if desired, to obtain tablets or 
dragee cores. Suitable excipients are, in particular, fillers such as sugars, including 
lactose, sucrose, mannitol, or sorbitol; cellulose preparations such as, for example, maize 
starch, wheat starch, rice starch, potato starch, gelatin, gum tragacanth, methyl cellulose, 
hydroxypropylmethyl-cellulose, sodium carboxymethylcellulose, and/or 
polyvinylpyrrolidone (PVP). If desired, disintegrating agents may be added, such as the 
cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such as sodium 
alginate. Optionally the oral formulations may also be formulated in saline or buffers for 
neutralizing internal acid conditions or may be administered without any carriers. 

One suitable oral form is a sublingual tablet. A sublingual tablet delivers the 
composition to the sublingual mucosa. As used herein, "tablet" refers to pharmaceutical 
dosage forms prepared by compressing or molding. Sublingual tablets are small and flat, 
for placement under the tongue and designed for rapid, almost instantaneous 
disintegration and release the composition to the sublingual mucosa. The term 
"disintegration" means breaking apart. Preferably, the sublingual tablets of the present 
invention disintegrate, to release the composition, within five minutes and, more 
preferably, within a two minute period of time. Oral formulations can also be in 
liquid form. The liquid can be administered as a spray or drops to the entire oral cavity 
including to select regions such as the sublingual area. The sprays and drops of the 
present invention can be administered by means of standard spray bottles or dropper 
bottles adapted for oral or sublingual administration. The liquid formulation is 
preferably held in a spray bottle, fine nebulizer, or aerosol mist container, for ease of 
administration to the oral cavity. Liquid formulations may be held in a dropper or spray 
bottle calibrated to deliver a predetermined amount of the composition to the oral cavity. 
Bottles with calibrated sprays or droppers are known in the art. Such formulations can 
also be used in nasal administration. 

The compositions of the invention can also be formulated as oral gels. As an 
example, the composition may be administered in a mucosally adherent, non-water 
soluble gel. The gel is made from at least one water-insoluble alkyl cellulose or 
hydroxyalkyl cellulose, a volatile nonaqueous solvent, and the composition. Although a 
bioadhesive polymer may be added, it is not essential. Once the gel is contacted to a 
mucosal surface, it forms an adhesive film due primarily to the evaporation of the 
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volatile or non-aqueous solvent. The ability of the gel to remain at a mucosal surface is 
related to its filmy consistency and the presence of non-soluble components. The gel can 
be applied to the mucosal surface by spraying, dipping, or direct application by finger or 
swab. 

Dragee cores are provided with suitable coatings. For this purpose, concentrated 
sugar solutions may be used, which may optionally contain gum arabic, talc, polyvinyl 
pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer 
solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may 
be added to the tablets or dragee coatings for identification or to characterize different 
combinations of active compound doses. 

Pharmaceutical preparations which can be used orally include push-fit capsules 
made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as 
glycerol or sorbitol. The push-fit capsules can contain the active ingredients in 
admixture with filler such as lactose, binders such as starches, and/or lubricants such as 
talc or magnesium stearate and, optionally, stabilizers. In soft capsules, the active 
compounds may be dissolved or suspended in suitable liquids, such as fatty oils, liquid 
paraffin, or liquid polyethylene glycols. In addition, stabilizers may be added. 
Microspheres formulated for oral administration may also be used. Such microspheres 
have been well defined in the art. All formulations for oral administration should be in 
dosages suitable for such administration. 

For buccal administration, the compositions may take the form of tablets or 
lozenges formulated in conventional manner. 

For administration by inhalation, the compounds for use according to the present 
invention may be conveniently delivered in the form of an aerosol spray presentation 
from pressurized packs or a nebulizer, with the use of a suitable propellant, e.g., 
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon 
dioxide or other suitable gas. In the case of a pressurized aerosol the dosage unit may be 
determined by providing a valve to deliver a metered amount. Capsules and cartridges of 
e.g. gelatin for use in an inhaler or insufflator may be formulated containing a powder 
mix of the compound and a suitable powder base such as lactose or starch. Medical 
devices for the inhalation of therapeutics are known in the art. In some embodiments the 
medical device is an inhaler. In other embodiments the medical device is a metered dose 
inhaler, diskhaler, Turbuhaler, diskus or a spacer. In certain of these embodiments the 
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inhaler is a Spinhaler (Rhone-Poulenc Rorer, West Mailing, Kent). Other medical 
devices are known in the art and include the following technologies Inhale/Pfizer, 
Mannkind/Glaxo and Advanced Inhalation Research/Alkermes. 

The compounds, when it is desirable to deliver them systemically, may be 
formulated for parenteral administration by injection, e.g., by bolus injection or 
continuous infusion. Formulations for injection may be presented in unit dosage form, 
e.g., in ampoules or in multi-dose containers, with an added preservative. In some 
embodiments the compounds provided are administered by infusion pump. In some of 
these embodiments the compounds are administered by infusion pump. The 
compositions may take such forms as suspensions, solutions or emulsions in oily or 
aqueous vehicles, and may contain formulatory agents such as suspending, stabilizing 
and/or dispersing agents. 

Pharmaceutical formulations for parenteral administration include aqueous 
solutions of the active compounds in water-soluble form. Additionally, suspensions of 
the active compounds may be prepared as appropriate oily injection suspensions. 
Suitable lipophilic solvents or vehicles include fatty oils such as sesame oil, or synthetic 
fatty acid esters, such as ethyl oleate or triglycerides, or liposomes. Aqueous injection 
suspensions may contain substances which increase the viscosity of the suspension, such 
as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension may 
also contain suitable stabilizers or agents which increase the solubility of the compounds 
to allow for the preparation of highly concentrated solutions. 

Alternatively, the active compounds may be in powder form for constitution with 
a suitable vehicle, e.g> sterile pyrogen-free water, before use. 

The compounds may also be formulated in rectal or vaginal compositions such as 
suppositories or retention enemas, e.g., containing conventional suppository bases such 
as cocoa butter or other glycerides. 

In addition to the formulations described previously, the compounds may also be 
formulated as a depot preparation. Such long acting formulations may be formulated 
with suitable polymeric or hydrophobic materials (for example as an emulsion in an 
acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for example, 
as a sparingly soluble salt. 

The pharmaceutical compositions also may comprise suitable solid or gel phase 
carriers or excipients. Examples of such carriers or excipients include but are not limited 
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to calcium carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, 
gelatin, and polymers such as polyethylene glycols. 

Suitable liquid or solid pharmaceutical preparation forms are, for example, 
aqueous or saline solutions for inhalation, microencapsulated, encochleated, coated onto 
microscopic gold particles, contained in liposomes, nebulized, aerosols, pellets for 
implantation into the skin, or dried onto a sharp object to be scratched into the skin. The 
pharmaceutical compositions also include granules, powders, tablets, coated tablets, 
(micro)capsules, suppositories, syrups, emulsions, suspensions, creams, drops or 
preparations with protracted release of active compounds, in whose preparation 
excipients and additives and/or auxiliaries such as disintegrants, binders, coating agents, 
swelling agents, lubricants, flavorings, sweeteners or solubilizers are customarily used as 
described above. The pharmaceutical compositions are suitable for use in a variety of 
drug delivery systems. For a brief review of methods for drug delivery, see Langer, 
Science 249:1527-1533, 1990 and Langer and Tirrell, Nature, 2004 Apr 1; 428(6982): 
487-92, which are incorporated herein by reference. 

The compositions may conveniently be presented in unit dosage form and may be 
prepared by any of the methods well known in the art of pharmacy. 

In some embodiments the composition that is administered is in powder or 
particulate form rather than as a solution. Examples of particulate forms contemplated as 
part of the invention in some embodiments are provided in U.S. Patent application 
number 09/982,548, filed October 18, 2001, which is hereby incorporated by reference in 
its entirety. In other embodiments the compositions are administered in aerosol form. In 
other embodiments the method of administration includes the use of a bandage, slow 
release patch, engineered or biodegradable scaffold, slow release polymer, tablet or 
capsule. 

Other delivery systems can include time-release, delayed release or sustained 
release delivery systems. Such systems can avoid repeated administrations of the 
compounds of the invention, increasing convenience to the subject and the physician. 
Many types of release delivery systems are available and known to those of ordinary 
skill in the art. They include polymer based systems such as polylactic and polyglycolic 
acid, polyanhydrides and polycaprolactone; nonpolymer systems that are lipids including 
sterols such as cholesterol, cholesterol esters and fatty acids or neutral fats such as 
mono-, di and triglycerides; hydrogel release systems; silastic systems; peptide based 
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systems; wax coatings, compressed tablets using conventional binders and excipients, 
partially fused implants and the like. Specific examples include, but are not limited to: 
(a) erosional systems in which the agent is contained in a form within a matrix, found in 
U.S. Patent Nos. 4,452,775 (Kent); 4,667,014 (Nestor et al.); and 4,748,034 and 
5,239,660 (Leonard) and (b) diffosional systems in which an agent permeates at a 
controlled rate through a polymer, found in U.S. Patent Nos. 3,832,253 (Higuchi et aL) 
and 3,854,480 (Zaffaroni). In addition, a pump-based hardware delivery system can be 
used, some of which are adapted for implantation. 

Controlled release can also be achieved with appropriate excipient materials that 
are biocompatible and biodegradable. These polymeric materials which effect slow 
release may be any suitable polymeric material for generating particles, including, but 
not limited to, nonbioerodable/non-biodegradable and bioerodable/biodegradable 
polymers. Such polymers have been described in great detail in the prior art. They 
include, but are not limited to: polyamides, polycarbonates, polyalkylenes, polyalkylene 
glycols, polyalkylene oxides, polyalkylene terepthalates, polyvinyl alcohols, polyvinyl 
ethers, polyvinyl esters, polyvinyl halides, polyvinylpyrrolidone, polyglycolides, 
polysiloxanes, polyurethanes and copolymers thereof, alkyl cellulose, hydroxyalkyl 
celluloses, cellulose ethers, cellulose esters, nitro celluloses, polymers of acrylic and 
methacrylic esters, methyl cellulose, ethyl cellulose, hydroxypropyl cellulose, hydroxy- 
propyl methyl cellulose, hydroxybutyl methyl cellulose, cellulose acetate, cellulose 
propionate, cellulose acetate butyrate, cellulose acetate phthalate, carboxylethyl 
cellulose, cellulose triacetate, cellulose sulfate sodium salt, poly (methyl methacrylate), 
poly(ethylmethacrylate), poly(butylmethacrylate), poly(isobutylmethacrylate), 
poly(hexlmethacrylate), poly(isodecylmethacrylate), poly(lauryl methacrylate), poly 
(phenyl methacrylate), poly(methyl acrylate), poly(isopropyl acrylate), poly(isobutyl 
acrylate), poly(octadecyl acrylate), polyethylene, polypropylene poly(ethylene glycol), 
poly(ethylene oxide), poly(ethylene terephthalate), poly(vinyl alcohols), poly(vinyl 
acetate, poly vinyl chloride polystyrene, polyvinylpyrrolidone, hyaluronic acid, and 
chondroitin sulfate. In one embodiment the slow release polymer is a block copolymer, 
such as poly(ethylene glycol) (PEG)/poly(lactic»co-glycolic acid) (PLGA) block 
copolymer. 

Examples of preferred non-biodegradable polymers include ethylene vinyl 
acetate, poly(meth) acrylic acid, polyamides, copolymers and mixtures thereof. 
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Examples of preferred biodegradable polymers include synthetic polymers such 
as polymers of lactic acid and glycolic acid, polyanhydrides, poly(ortho)esters, 
polyurethanes, poly(butic acid), poly(valeric acid), poly(caprolactone), 
poly(hydroxybutyrate), poly(lactide-co-glycolide) and poly(lactide-co-caprolactone) 3 and 
natural polymers such as alginate and other polysaccharides including dextran and 
cellulose, collagen, chemical derivatives thereof (substitutions, additions of chemical 
groups, for example, alkyl, alkylene, hydroxylations, oxidations, and other modifications 
routinely made by those skilled in the art), albumin and other hydrophilic proteins, zein 
and other prolamines and hydrophobic proteins, copolymers and mixtures thereof. In 
general, these materials degrade either by enzymatic hydrolysis or exposure to water in 
vivo, by surface or bulk erosion. The foregoing materials may be used alone, as physical 
mixtures (blends), or as co-polymers. The most preferred polymers are polyesters, 
polyanhydrides, polystyrenes and blends thereof. 

In another embodiment slow release is accomplished with the use of 
poly anhydride wafers. 

The compositions can be administered locally or the compositions can further 
include a targeting molecule. The targeting molecule can be attached to the agent and/or 
the additional therapeutic agent or some combination thereof. A targeting molecule is 
any molecule or compound which is specific for a particular cell or tissue and which can 
be used to direct the agents provided herein to a particular cell or tissue. The targeted 
molecules can be any molecule that is differentially present on a particular cell or in a 
particular tissue. These molecules can be proteins expressed on the cell surface. 

Targeting molecules can in some embodiments be used to target disease markers. 
For instance, the targeting molecule may be a protein (e.g., an antibody) or other type of 
molecule that recognizes and specifically interacts with a disease antigen. The targeting 
molecule, therefore, may be a molecule that targets a protein or other type of molecule 
that recognizes and specifically interacts with a tumor antigen. 

Tumor-antigens include Melan-A/MART-1, Dipeptidyl peptidase IV (DPPIV), 
adenosine deaminase-binding protein (ADAbp), cyclophilin b, Colorectal associated 
antigen (CRC)-C017-1A/GA733, Carcinoembryonic Antigen (CEA) and its 
immunogenic epitopes CAP-1 and CAP-2, etv6, amll, Prostate Specific Antigen (PSA) 
and its immunogenic epitopes PSA-1, PSA-2, and PSA-3, prostate-specific membrane 
antigen (PSMA), T-cell receptor/CD3-zeta chain, MAGE-family of tumor antigens (e.g., 
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MAGE-A1, MAGE-A2, MAGE- A3, MAGE-A4, MAGE-A5, MAGE-A6, MAGE-A7, 
MAGE-A8, MAGE-A9, MAGE-A10, MAGE-A11, MAGE-A12, MAGE-Xp2 (MAGE- 
B2) 5 MAGE»Xp3 (MAGE-B3), MAGE-Xp4 (MAGE-B4), MAGE-Cl, MAGE-C2, 
MAGE-C3, MAGE-C4, MAGE-C5), GAGE-family of tumor antigens (e.g., GAGE-1, 
GAGE-2, GAGE-3, GAGE-4, GAGE-5, GAGE-6, GAGE-7, GAGE-8, GAGE-9), 
BAGE, RAGE, LAGE-1, NAG, GnT-V, MUM-1, CDK4, tyrosinase, p53, MUC family, 
HER2/neu 3 p21ras 3 RCAS1, a-fetoprotein, E~cadherin, cc-catenin, [3-catenin and y- 

catenin, pl20ctn, gpl00 Pmel1 17 ? PRAME, NY-ESO-l, brain glycogen phosphorylase, 
SSX-1, SSX-2 (HOM-MEL-40), SSX-1, SSX-4, SSX-5, SCP-1, CT-7, cdc27, 
adenomatous polyposis coli protein (APC) ? fodrin, PI A, Connexin 37, Ig-idiotype, pi 5, 
gp75, GM2 and GD2 gangliosides, viral products such as human papilloma virus 
proteins, Smad family of tumor antigens, lmp-1, EBV-encoded nuclear antigen (EBNA)- 
1, and c-erbB-2. 

Also provided, therefore, are GAGs linked to a targeting molecule as well as 
compositions thereof and methods of their use. 

Some aspects of the invention also encompass kits. The kits of the invention 
include one or more of the agents of the invention. The kits can further include one or 
more additional therapeutic agents, administration devices and/or instructions for use. 
The kits provided can also include a detection system. Detection systems can be used to 
determine the amount of any or all of the agents administered in the blood. Detection 
systems can be invasive or non-invasive. An example of an invasive detection system is 
one which involves the removal of a blood sample and can further involve an assay such 
as an enzymatic assay or a binding assay to detect levels in the blood. A non-invasive 
type of detection system is one which can detect the levels of the agent in the blood 
without having to break the skin barrier. These types of non-invasive systems include, 
for instance, a monitor which can be placed on the surface of the skin, e.g., in the form of 
a ring or patch, and which can detect the level of circulating agents. One method for 
detection may be based on the presence of fluorescence in the agent which is 
administered. Thus, if a fluorescently labeled agent is administered and the detection 
system is non-invasive, it can be a system which detects fluorescence. This is 
particularly useful in the situation when the patient is self-administering and needs to 
know the blood concentration or an estimate thereof in order to avoid side effects or to 
determine when another dose is required. 
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A subject is any human or non-human vertebrate, e.g., dog, cat, horse, cow, 
monkey, pig, mouse, rat. 

The present invention is further illustrated by the following Examples, which in 
no way should be construed as further limiting. The entire contents of all the references 
(including literature references (except those only listed in the Reference list below), 
issued patents, published patent applications, and co-pending patent applications) cited 
throughout this application are herein incorporated by reference. 

Examples 

Heparan Sulfate and Dermatan Sulfate Glycosaminoglycans Regulate Fibroblast 
Growth Factor and Vascular Endothelial Growth Factor Activity 

Materials and Methods 

Proteins and Reagents 

FBS was from Hyclone (Logan, UT). L-glutamine, penicillin/streptomycin, PBS 
and Trizol reagent were from GibcoBRL (Gaithersberg, MD). Unfractionated heparin, 
HS, UDS, and DS DT were from Celsus Laboratories (Cincinnati, OH); diDS and ddDS 
were produced as described [45, 226]. CS A and CS C were from Sigma (St. Louis, 
MO). CS D and CS E were from Celsus laboratories. Recombinant FGF1 was a gift 
from Amgen (Thousand Oaks, CA). Recombinant human FGF2 was a gift from Scios 
(Mountainview, CA). Recombinant FGF7 and VEGF 164 were from Sigma. Rabbit cx- 
Aktl/2, rabbit oc-phospho-Aktl/2/3 (Ser 473), rabbit oc-phospho-Akt 1/2/3 (Thr 308), 
rabbit a-VEGF, rabbit a-VEGF-C, rabbit ct-VEGF-D, goat a-VEGFR2/Flk-l, rabbit cc- 
VEGFR3/Flt~4, rabbit a-Erkl, rabbit a-Erk2, goat a-phospho-Erkl/2 (Thr 202/Tyr 204), 
rabbit a-Mekl, rabbit a-Mek2, goat a-phospho-Mekl/2 (Ser 218/Ser 222), rabbit a-goat 
conjugated to horseradish peroxidase (HRP) and goat a-rabbit conjugated to HRP were 
from Santa Cruz Biotechnology (Santa Cruz, CA). 

Cell Culture 
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NBT-II cells (American Type Culture Collection, Manassas, VA) were 
maintained in minimum essential medium (American Type Culture Collection) 
supplemented with 1.5 mg/mL sodium bicarbonate, 0.1 mM non-essential amino acids, 
L0 mM sodium pyruvate, 100 \xg/ml penicillin, 100 U/ml streptomycin, 500 jag/ml L- 
glutamine and 10% FBS. Cells were grown in 75 cm 2 flasks at 37°C in a 5% C0 2 
humidified incubator. Confluent cultures were split 1 :5 to 1 : 1 0 5 two times per week. 

Proliferation Assays 

NBT-II cells were grown until confluence in 75 cm 2 flasks. Each flask was 
washed with 20 ml PBS and treated with 3 ml trypsin-EDTA at 37°C for -15 minutes 
until cells completely detached. Cells were centriftiged for 3 minutes at 195 x g. The 
supernatant was aspirated, and the cells were resuspended in 1 0 ml media. Cell density 
was measured using an electronic cell counter, and the suspension was diluted to 50,000 
cells/ml. The suspension was plated 1 ml/well into 24- well tissue culture plates. After a 
24 hour incubation in a 5% CC>2, 37°C humidified incubator, the media was aspirated, the 
wells were washed with serum free media, and the cells were supplemented with media 
containing 0,1% FBS and incubated for 24 hours. Cells were sequentially treated with 
antibodies, GAGs and growth factors as appropriate. Sodium chlorate was added at 50 
mM [30]. Antibodies to VEGFR2 or VEGFR3 were added to yield a final dilution of 
1:100. All GAGs were initially added over a range of concentrations from 1 ng/ml to 
100 jug/ml. Heparin, UDS and DS DT were subsequently added at 1 |tig/ml unless 
otherwise noted. FGF1, FGF2, FGF7 and VEGF were added at 10 ng/ml unless 
otherwise noted. Cells were then incubated for 72 hours. Wells were then washed twice 
with PBS and treated with 0.5 ml trypsin-EDTA/well and incubated for 10 minutes at 
37°C. Whole cell number was determined using an electronic cell counter. 

RT-PCR 

Five jag of total RNA was isolated from NBT-II cells using Trizol reagent (Life 
Tech, Rockville, MD) followed by reverse transcription with random hexamers. Specific 
oligomers were designed based on the published sequences of FGFR isoforms in order to 
detect their expression. Sequences of primer pairs corresponding to distinct FGFR 
isoforms were as follows: FGFRlb: 5'-TGG AGC AAG TGC CTC CTC-3' (SEQ ID 
NO: 1) and 5'-ATA TTA CCA CTT CGA TTG GTC-3' (SEQ ID NO: 2); FGFRlc: 5'- 
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TGG AGC TGG AAG TGC CTC CTC-3' (SEQ ID NO: 3) and 5'-GTG ATG GGA 
GAG TCC GAT AGA-3' (SEQ ID NO: 4); FGFR2b: 5'-GTC AGC TGG GGT CGT 
TTC ATC-3' (SEQ ID NO: 5) and 5'-CTG GTT GGC CTG CCC TAT ATA-3' (SEQ ID 
NO: 6); FGFR2c: 5'-GTC AGC TGG GGT CGT TTC ATC-3' (SEQ ID NO: 7) and 5'- 
GTG AAA GGA TAT CCC AAT AGA-3 5 (SEQ ID NO: 8); FGFR3b: 5' GTA GTC 
CCG GCC TGC GTG CTA-3' (SEQ ID NO: 9) and 5'-GAC CGG TTA CAC AGC CTC 
GCC-3' (SEQ ID NO: 10); FGFR3c: 5'-GTA GTC CCG GCC TGC GTG CTA-3' (SEQ 
ID NO: 11) and 5'-TCC TTG CAC AAT GTC ACC TTT-3' (SEQ ID NO: 12); and 
FGFR4: 5'-CCC TGC CGG GAT CGT GAC CCG-3' (SEQ ID NO: 13) and 5'-TCG 
AAG CCG CGG CTG CCA AAG-3' (SEQ ID NO: 14). Sequences of primer pairs 
corresponding to distinct VEGFR isoforms were as follows: VEGFR1: 5'-CGG ACA 
CTC CCG GGA GGT AGT-3 ' (SEQ ID NO: 15) and 5'-CTT CTG TCG AGT AGG 
GGA-3' (SEQ ID NO: 16); VEGFR2: 5'-TGC GGG CCA GGG ACG GAG AAG-3' 
(SEQ ID NO: 17) and 5'-CTA GTT ACT ACT TTG GAT AGT-3' (SEQ ID NO: 18); 
and VEGFR3: 5'-CGG GCG CTG CGC TGA ACC GGC-3' (SEQ ID NO: 19) and 5'- 
TCG ACA TGG GGT TCT TCA GTG-3' (SEQ ID NO: 20). To control for total cell 
protein, RT-PCR was also performed on (3-actin using the primers 5'-GCC AGC TCA 
CCA TGG ATG ATG ATA T-3' (SEQ ID NO: 21) and 5'-GCT TGC TGA TCC ACA 
TCT GCT GGA A-3' (SEQ ID NO: 22), PCR was performed using the Advantage-GC 
cDNA kit from Clontech as per manufacturer's instructions (Palo Alto, CA). Prior to 
experimental use, primers were confirmed to detect and have specificity towards given 
receptor isoforms. 

Wliole CellELISA 

ELISA was performed using whole cells to quantify relative levels of kinase 
activity. NBT-II cells were grown until confluence in 75 cm 2 flasks. Each flask was 
washed with 20 ml PBS and treated with 3 ml trypsin-EDTA at 37°C for 3-5 minutes, 
until cells detached. Cells were centrifuged for 3 minutes at 195 x g. The supernatant 
was aspirated, and the cells were resuspended in 10 ml media. The cell density was 
measured using an electronic cell counter, and the suspension was diluted to 50,000 
cells/ml. 100 mm dishes were supplemented with 10 ml cell suspension per dish. After 
a 24 hour incubation, the media was aspirated, the dishes washed with serum free media, 
and the cells supplemented with media containing 0.1% FBS. After a 24 hour 
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incubation, dishes were treated with PBS, 10 jug/ml heparin or 10 [ig/ml DS DT. 
Subsequently, cells were treated with 10 ng/ml FGF7 5 10 ng/ml VEGF or both. Cells 
were incubated for 30 minutes (for Erkl, Erk2, phosphor-Erkl/2, Mekl, Mek2, phospho- 
Mekl/2, Aktl/2 and phospho-Aktl/2/3) or 24 hours (for VEGF,VEGF-C and VEGF-D). 
Media were aspirated and cells were homogenized per manufacture instructions. Total 
protein concentration was determined by Bradford assay. An equivalent protein 
concentration from cell extract was added to 96-well plates previously incubated for 1 
hour with primary antibodies to Erkl, Erk2, phospho-Erkl/2, Mekl, Mek2, phospho- 
Mekl/2, Aktl/2, phospho-Aktl/2, VEGF, VEGF-C or VEGF-D. The cell extract was 
incubated on the plates for 1 hour, after which wells were washed twice and 
supplemented with the same primary antibody (1:100) as was in the well. Wells were 
incubated 1 hour, washed twice, and treated with HRP-conjugated secondary antibody 
(1:500). Plates were incubated for 30 animates, washed twice, and incubated with TMB 
One Solution (Promega, Madison, WI). The reaction was quenched with 3 M sulfuric 
acid, and the plates were analyzed using a UV plate reader at 450 nm. Data were 
quantified by comparing to a standardized curve with varying concentrations of protein 
from untreated cells. 

Results 

Heparin and DS DT support FGF7 -mediated Responses 

Studies exploring the interactions between GAGs and FGFs are typically 
confined to the binding of heparin and other HSGAGs to FGF, and subsequent 
downstream responses. Recent findings have demonstrated, however, that DS can also 
bind to and modulate the activities of both FGF2 and FGF7 [366, 475]: The differential 
effects of various GAGs on growth factor signaling was examined. The Nara bladder 
tumor No. 2 (NBT-II) cell line, previously demonstrated to respond to various FGFs and 
to express FGFR2b, necessary for FGF7-mediated proliferation [36, 348, 354], was used. 
Dose response curves revealed that FGF7 elicits its maximal effect on cell growth in 
NBT-II cells at 5 ng/mL The magnitude of this effect remains constant through 100 
ng/ml. The maximal proliferative effect, however, was not achieved until 10 ng/ml in 
the presence of 50 mM sodium chlorate. 
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Each of heparin, HS, CS A 5 CS C ; unfractionated DS (UDS) and DS DT were 
added at various concentrations to NBT-II cells, along with 10 ng/ml FGF7. The 
addition of GAG alone had no effect on whole cell proliferation. In the presence of 
FGF7, GAGs showed differential capacities to modulate the FGF7-mediated response 
(Fig, 1), both in the presence and absence of sodium chlorate, Heparin and DS DT were 
the most potent and efficacious of the GAGs, promoting 51,2 ± 3.0% and 40,2 ± 4.5% 
reductions in whole cell number, respectively, and 165.6 ± 2L6% and 145.8 ± 14.9% 
increases in whole cell number respectively in the presence of chlorate. FGF7 alone 
induced a 14.1 ± 2.5% reduction and 28.4 ± 11.8% increase in whole cell number 
untreated with and treated with sodium chlorate, respectively. 

Heparin and DS DT Modulate FGF1~ } FGF2- and VEGF-mediated Effects 

The modulatory capacity of GAGs on other growth factors was examined. NBT- 
II cells have been previously demonstrated to support FGF1, FGF2 and VEGF signaling 
[36]. RT-PCR was performed to verify that NBT-II cells expressed receptors to support 
the responses of these ligands. Cells clearly expressed FGFR2b, FGFR3b, FGFR4 and 
VEGFR3 (Fig. 2 A). Lower levels of VEGFR2 were observed. FGF2 and VEGF 
reduced whole cell number (Table 1), while FGF1 did not induce significant 
proliferative effects in the absence of GAGs. 



Table 1 Inhibitory effects of growth factors 





PBS 


FGF7 


PBS 


0.0 ±5.6 


14.1 ±2.5 


FGF1 


5.4 ±8.3 


18.0 ±2.6 


FGF2 


18.3 ±5.0 


30.4 ±8.7 


VEGF 


19.8 ±4.5 


30.1 ±7.0 



Column and row heading represent the addition of ligand (at 1 0 ng/ml) or PBS. Numbers represent 
percent reduction in whole cell number ± standard deviation. 

Heparin and DS DT Differentially Regulate Growth Factor Function 

The most pronounced growth modulatory effects induced by GAGs were 
exhibited with FGF7 and VEGF. The cellular response with the co-administration of 
multiple ligands was then explored. The addition of FGF7 with FGF1 ? FGF2 or VEGF 
reduced whole cell number in an additive manner (Table 1). The addition of GAGs, 
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however, substantially changed the observed response. Heparin with FGF1+FGF7 
reduced whole cell number by 25.9 ± 0.6% compared to the ligands only (Fig. 3 A). 
Heparin did not alter the effects of FGF2+FGF7. Heparin with VEGF+FGF7 increased 
whole cell number 29.5 ± 7,1% compared to the ligands only. The addition of UDS (Fig. 
3B) led to a greater reduction in whole cell number for FGF1+FGF7, but did not have 
effects distinct from heparin, for either FGF2+FGF7 or VEGF+FGF7. DS DT (Fig. 3C) 
had a similar effect as UDS on FGF1+FGF7, reducing whole cell number 57.2 ± 3,0% 
relative to the ligand combination, but showed a unique response with VEGF+FGF7, 
reducing whole cell number 26.5 =b 10.0% compared to the ligand combination. Heparin 
and DS DT at 1 {xg/ml therefore show unique capacities to regulate VEGF+FGF7 (Fig. 
3D), with heparin promoting proliferation and DS DT inhibiting it. 

FGF7 and VEGF Utilize Different Signaling Cascades 

Heparin and DS DT both inhibit proliferation in the presence of FGF7 and 
support proliferation in the presence of VEGF. In the presence of both ligands, the two 
GAGs unveil distinct effects. The signal cascades activated by the ligands supplemented 
with PBS, heparin and DS DT was, therefore, examined. VEGF increased 
phosphorylated Erkl/2 and Mekl/2 when treated with heparin or DS DT (Fig, 4). No 
changes in Erkl, Erk2, Mekl or Mek2 levels were observed with any ligand-GAG 
combination tested. Erkl/2 phosphorylation was increased 1.65 ± 0.02-fold with heparin 
(p < 0.0004) and 2,01 ± 0.36-fold with DS DT (p < 0.02). Mekl/2 phosphorylation was 
increased 1 .92 ± 0.21-fold with heparin (p < 0.002) and 2.47 =fc 0.25-fold with DS DT (p 
< 0.0004). When FGF7 was present along with VEGF and heparin or DS DT, however, 
the increase in Erkl/2 and Mekl/2 phosphorylation was abrogated. 

While changes in Erkl/2 and Mekl/2 phosphorylation were consistent with 
cellular responses to VEGF in the presence of heparin or DS DT, they did not reflect the 
changes induced by FGF7, unsupplemented VEGF or by VEGF+FGF7. To this end, 
induction of Akt 1/2/3 phosphorylation was examined. Levels of Aktl/2 were not 
affected by any ligand-GAG combination. FGF7 in the presence of either heparin (27.8 
± 3.8%; p < 0.005) or DS DT (27.4 ± 4.6%; p < 0.004) reduced phosphorylation of 
Aktl/2/3 (Ser 473; Fig. 5A). FGF7 and VEGF+FGF7 also reduced phosphorylation of 
Aktl/2/3 (Thr 308; Fig. SB) -20% in the presence of PBS, heparin or DS DT. 
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Upregulated VEGF-D is Responsible for the Distinct Modulatory Capacities of Heparin 
andDSDT 

The changes in Erkl/2, Mekl/2 and Alctl/2/3 phosphorylation were consistent 
with the effects of FGF7 or VEGF in the presence of PBS, heparin or DS DT, as 
observed by whole cell counts. The results, however, were not sufficient to explain the 
effects observed with FGF7 and VEGF together. The receptors responsible for the 
differential effects of heparin and DS DT on FGF7+VEGF were, therefore, defined. 
Blocking VEGFR2 with a neutralizing antibody produced a VEGF+FGF7 response 
similar to FGF7, consistent with the VEGF response being dependent on VEGFR2. 
Correspondingly, blocking FGFR2, through which FGF7 signals [348], produced a 
VEGF+FGF7 response similar to VEGF alone. Blocking VEGFR3 did not alter either 
FGF7- or VEGF-mediated responses, but surprisingly eliminated the capacity of heparin 
and DS DT to modulate the effects of the ligands when co-administered. 

VEGFR3 supports signaling from VEGF-C and VEGF-D [249], Therefore, the 
potential source of VEGF-C and/or VEGF-D was investigated. The ability of FGF7 and 
VEGF in the presence of GAGs to increase levels of VEGF-C and VEGF-D was 
examined over 24-hours. VEGF-C levels were increased by VEGF regardless of GAG 
used, FGF7 in the presence of heparin or DS DT, and VEGF+FGF7 regardless of the 
GAG used (Fig, 6A). VEGF-D levels were elevated by all combinations of FGF7, 
VEGF and GAG (Fig, 6B). Interestingly, addition of FGF7, but not VEGF, caused an 
increase in VEGFR3 production (Fig. 6C). FGF2 did not alter the production of VEGF- 
C or VEGF-D (Fig. 6D), suggesting that the effect is ligand specific. 

The capacity of VEGF-C and VEGF-D to promote NBT-II proliferation was 
subsequently investigated. VEGF alone reduced cell number 19.8 ± 4,5%, and 30.1 =fc 
7.0% in the presence of FGF7. VEGF-C alone similarly reduced cell number 13,4 ± 
8.7% (p < 0.05 compared to untreated cells), but only 5.9 =fc 5.0% in the presence of 
FGF7 (p > 0.18 compared to untreated cells). VEGF-D alone reduced cell number 16.2 
± 10.8% (p < 0.05 compared to untreated cells), and 34.5 ± 1.5% in the presence of 
FGF7 (p < 0.0004 compared to untreated cells). Whether heparin and DS DT could 
modulate VEGF-C and VEGF-D signaling alone and in the presence of FGF7 was then 
explored. The addition of heparin and DS DT with VEGF-C or VEGF-D reduced whole 
cell number more than either ligand alone (Fig. 7A). The capacity of heparin and DS DT 
to modulate VEGFs+FGF7 was subsequently examined. Heparin promoted a similar 
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increase in whole cell number for VEGF+FGF7 and VEGF-D-KFGF7 relative to ligands 
only (Fig. 7B), DS DT promoted a similar reduction in whole cell number for both 
VEGF+FGF7 and VEGF-D+FGF7 relative to ligands only. 

Oversulfated DS Species Promote Greater Cellular Mediated Responses 

The ability of the oversulfated DS DT to selectively induce a FGF7-like response 
when mixed with other growth factors led us to examine the effects of chemically 
oversulfated GAGs on FGF7 activity. CS D, CS E, chemically oversulfated DS DT 
(diDS) and doubly chemically oversulfated DS DT (ddDS), are CS and DS species with 
increased degrees of sulfation compared to other similar GAGs examined [45, 226], The 
ability of these species to alter FGF7 cellular mediated responses was examined in 
comparison to DS DT. When normalized to the effects of FGF7, 100 jug/ml DS DT 
reduced whole cell number 22.7 ± 3.6% (Fig. 8). CS D elicited a smaller magnitude of 
response at 100 ixg/ml (15.0 ± 5,4% p < 0-03), but showed no difference at any other 
concentration examined. The effects of CS E were not significantly different than DS 
DT at any concentration. The similarities between the effects induced by oversulfated 
CS species and DS DT are notable as while CS A and CS C did not support FGF7- 
mediated effects as efficaciously as DS DT ? the CS species with increased sulfation 
induced a greater magnitude of response. Similarly, in the presence of FGF7, diDS 
reduced whole cell number greater than DS DT at 100 ng/ml (p < 0.03), 1 |ag/ml (p < 
0.008) and 10 jag/ml (p < 0.03) 5 but the difference was absent at 100 jug/ml 10 (ag/ml 
diDS had a similar effect (24.8 db 8.0%), however, to 100 p,g/ml DS DT, demonstrating 
an increase in potency. The addition of a DS species with even higher sulfation, ddDS 
produced a response that was significantly greater than that elicited with DS DT at each 
and every concentration examined (p < 0.03). 

Discussion 

DS and heparin, but not CS, have been previously demonstrated to modulate 
FGF7 signaling in cells lacking surface GAGs as well as normal keratinocytes [475]. 
Herein, analysis was extended to pathological cells. NBT-IT cells express FGFR2b, the 
receptor for FGF7 [348] and have cell surface GAGs, as evidenced by the change in 
cellular response to FGF7 and various GAGs after sodium chlorate treatment, which 
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abrogates cell surface HSPGs [448]. While heparin and DS DT promoted maximal 
cellular mediated responses, species from each of HSGAGs, CS GAGs and DS notably 
regulated FGF7 activity in cancer cells. CS C importantly and specifically supported 
substantial FGF7-induced responses, albeit to a lower degree than either heparin or DS 
DT. These results demonstrate that specific CS fractions can therefore support FGF7 
activity. The specific role of CS C in promoting FGF7 mediated cell proliferation, 
however, is not clear. CS has been demonstrated to upregulate FGF7 production [419], 
which could account for the increased cellular-mediated response observed, although 
sufficient FGF7 to induce the maximal response in the absence of exogenous GAG was 
added at the outset of the experiment. As such, this report provides the first evidence of 
CS C modulating FGF7-mediated responses. 

Given that specific fractions of all GAG families examined could promote FGF7 
activity , this analysis was extended to other FGFs and the VEGF family. FGF1 and 
FGF2 were chosen based on the FGFR isoform expression profile of NBT-II cells, as 
well as their previously demonstrated role in defining NBT-II growth and progression 
[36]. VEGF was used given its important role in bladder cancer growth [506]. Heparin 
and DS DT, which promoted equivalent FGF7-mediated activities that were greater than 
all other GAGs examined, modulated each of FGF1, FGF2, FGF7 and VEGF cellular 
mediated responses. The strong regulatory capacity observed with DS DT demonstrates 
that DS species can in fact impact members of the FGF family, such as FGF1. 
Additionally, DS can regulate the activity of VEGF, whose interactions with DS had 
previously not been examined. DS may also regulate FGF2 activity through FGFR3c 
and/or FGFR4, in addition to FGFRlc, the isoform previously associated with DS-FGF2 
interactions [366] given the observed response in cells lacking FGFRlc. 

Heparin and DS DT modulated VEGF-induced responses to promote substantial 
proliferation while VEGF alone led to growth inhibition. This finding was unique to 
VEGF, as the addition of exogenous GAGs enhanced the inhibitory capacity of the FGFs 
examined. VEGF in the presence of GAGs promoted Erkl/2 and Mekl/2 
phosphorylation, unlike VEGF alone or FGF7, consistent with the observed proliferative 
effects [453]. Heparin is essential for the activity of certain VEGF isoforms to promote 
cellular responses [113]. The growth inhibitory effects of FGF7 and VEGF, however, 
appear to be Akt-mediated. In addition to merely modulating ligand activity, heparin and 
DS DT elicit distinct patterns of cellular response from multiple ligands. Heparin with 
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VEGF4-FGF7 had a proliferative response while DS DT with VEGF+FGF7 had an 
inhibitory one. The unique patterns of response suggest that these two GAGs can be 
used to initiate specific cellular responses in a complex mix of growth factors, such as 
that which exists in the ECM. Altering the GAG composition of the ECM may therefore 
be a mechanism that cells use to change biological activities in response to various 
environmental cues. 

The cellular pathways by which heparin and DS DT elicit distinct cellular 
responses are important in order to understand their effects. The cellular activities of 
VEGF are altered in the presence of FGF7. Unlike VEGF supplemented with GAG, 
Erkl/2 and Mekl/2 were not phosphorylated in response to VEGF+FGF7. Further, 
VEGF signaled through VEGFR2, with neutralizing antibodies eliminating its effect. 
Though the combined VEGF+FGF7 response was dependent on VEGFR3, suggesting 
the involvement of VEGF-C and/or VEGF-D [249]. Each of FGF7, VEGF and 
VEGF+FGF7 promoted VEGF-C and VEGF-D activity in the presence of GAGs. The 
cellular response to VEGF-D was additionally modulated by heparin and DS DT in the 
same manner as VEGF+FGF7. Therefore, the differential regulation of VEGF+FGF7 by 
heparin and DS DT is based on the upregulation of VEGF-D production and subsequent 
modulation of its activity, mediated by VEGFR3. 

The distinct cellular responses obtained with heparin and DS DT stem primarily 
from differential regulation of VEGF-D. Heparin and DS DT affect VEGF-mediated 
cellular activity in a similar manner. Their relative regulatory capacities are, however, 
distinct between various VEGFs. Various GAGs may, therefore, be important 
physiological and pathological regulators of VEGF. 

The results presented herein demonstrate that specific GAG fractions beyond 
heparin can serve a regulatory role for several growth factors. The highly sulfated 
heparin modulated the response to all growth factors examined. The highly sulfated 
dermatan sulfate fraction DS DT elicited a similar ability to affect the growth factors 
examined with comparable magnitudes but a distinct net effect from heparin. CS 
additionally promoted FGF7 activity. Interestingly, increasing the sulfation of CS and 
DS species supported higher levels of FGF7 activity than corresponding GAGs with 
lower degrees of sulfation. These findings demonstrate that the ability of GAGs to 
regulate FGFs, VEGFs and mixtures of growth factors, extend well beyond those of 
HSGAGs. As heparin and DS can promote selective cellular activities in a mixture of 
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growth factors, the development of chemically oversulfated species such as ddDS can 
further enable controlled growth factor activity and specification of cellular behavior. 
The selectivity of highly sulfated DS species for FGF7 activity and the increased 
magnitude of response elicited by ddDS suggests that it may be an important new 
therapeutic (e.g., wound healing, cancer), especially in the complex environment created 
by the physiological response to insult. 
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in this application are herein incorporated in their entirety by reference. Having 
described the presently preferred embodiments, and in accordance with the present 
invention, it is believed that other modifications, variations and changes will be 
suggested to those skilled in the art in view of the teachings set forth herein. It is, 
therefore, to be understood that all such variations, modifications, and changes are 
believed to fall within the scope of the present invention as defined by the appended 
claims. 

I/we claim: 
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Claims 

1 . A method of modulating an activity of a fibroblast growth factor (FGF) 5 comprising: 

contacting the FGF with a composition comprising a highly sulfated 
glycosaminoglycan (GAG), wherein the highly sulfated GAG is in an amount effective 
to modulate the activity of the FGF ? and wherein the highly sulfated GAG is a highly 
sulfated chondroitin sulfate (CS) or a highly sulfated dermatan sulfate (DS). 

2. The method of claim 1, wherein the highly sulfated GAG is an oversulfated dermatan 
sulfate (DS). 

3 . The method of claim 2, wherein at least 40% of the disaccharides of the oversulfated 
DS are either di- or tri-sulfated. 

4. The method of claim 2, wherein at least 50% of the disaccharides of the oversulfated 
DS are either di- or tri-sulfated. 

5. The method of claim 2, wherein at least 60% of the disaccharides of the oversulfated 
DS are either di- or tri-sulfated. 

6. The method of claim 2, wherein at least 70% of the disaccharides of the oversulfated 
DS are either di- or tri-sulfated. 

7. The method of claim 2, wherein at least 80% of the disaccharides of the oversulfated 
DS are either di- or tri-sulfated. 

8. The method of claim 1, wherein the highly sulfated GAG is a highly sulfated 
chondroitin sulfate (CS). 

9. The method of claim 8, wherein at least 40% of the disaccharides of the highly 
sulfated CS are either di- or tri-sulfated. 
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10. The method of claim 8, wherein at least 50% of the disaccharides of the highly 
sulfated CS are either di- or tri-sulfated. 

1 1 . The method of claim 8, wherein at least 60% of the disaccharides of the highly 
sulfated CS are either di- or tri-sulfated. 

12. The method of claim 8 5 wherein at least 70% of the disaccharides of the highly 
sulfated CS are either di- or tri-sulfated. 

13. The method of claim 8, wherein at least 80% of the disaccharides of the highly 
sulfated CS are either di- or tri-sulfated. 

14. The method of claim 1, wherein the highly sulfated CS is chondroitin sulfate D or 
chondroitin sulfate E. 

1 5. The method of claim 1, wherein the FGF is FGF1, FGF2 or FGF7. 

1 6. The method of claim 1 5 wherein the activity of the FGF is increased. 

1 7. The method of claim 1 , wherein the activity of a vascular endothelial growth factor 
(VEGF) is also modulated. 

1 8. The method of claim 17, wherein the activity of the VEGF is increased. 

19. A method of treating a subject, comprising: 

administereding to a subject in need of such treatment a composition comprising 
a highly sulfated glycosaminoglycan (GAG), wherein the highly sulfated GAG is a 
highly sulfated chondroitin sulfate (CS) or a highly sulfated dermatan sulfate (DS). 

20. The method of claim 19, wherein the subject has a wound, scar, chronic liver 
disease, benign hyperplastic hypertrophy, cancer or an inflammatory disease. 
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21. The method of claim 19, wherein the composition further comprises a 
pharmaceutical^ acceptable carrier. 

22. The method of claim 19, wherein the composition further comprises an additional 
therapeutic agent. 

23. The method of claim 22 3 wherein the additional therapeutic agent .is an anti-cancer 
agent or an anti-inflammatory agent. 

24. The method of claim 19, wherein the method further comprises determining the 
presence or absence of FGF in the subject. 

25. The method of claim 19 or 24, wherein the method further comprises determining 
the presence or absence of a VEGF in the subject. 

26. The method of claim 17 or 25, wherein the VEGF is VEGF-A, VEGF-C or VEGF- 
D. 

27. The method of claim 26, wherein the VEGF is VEGF120, VEGF 164 or VEGFi 88 . 

28. The method of claim 26, wherein the VEGF is VEGF 12 i, VEGF145, VEGFi 65 , 
VEGF 189 or VEGF 206 . 

29. The method of claim 24 or 25, wherein the determining step is performed prior to 
the contacting step. 

30. A method of modulating an activity of a FGF, comprising: 

contacting the FGF with a composition comprising GAGs of a highly sulfated 
GAG fraction, wherein the GAGs of a highly sulfated GAG fraction are in an amount 
effective to modulate the activity of the FGF, and wherein the highly sulfated GAG 
fraction is a highly sulfated DS fraction or a highly sulfated CS fraction. 
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3 1 . The method of claim 30, wherein at least 70% of the dermatan sulfates or 
chondroitin sulfates of the highly sulfated GAG fraction are highly sulfated. 

32. The method of claim 30, wherein at least 80% of the dermatan sulfates or 
chondroitin sulfates of the highly sulfated GAG fraction are highly sulfated. 

33. The method of claim 30, wherein at least 90% of the dermatan sulfates or 
chondroitin sulfates of the highly sulfated GAG fraction are highly sulfated. 

34. The method of claim 30, wherein the FGF is FGF1, FGF2 or FGF7. 

35. The method of claim 30, wherein the activity of the FGF is increased. 

36. The method of claim 30, wherein the activity of a VEGF is also modulated. 

37. The method of claim 36, wherein the activity of the VEGF is increased. 

38. A method of treating a subject, comprising: 

administereding to a subject in need of such treatment a composition comprising 
GAGs of a highly sulfated GAG fraction, wherein the highly sulfated GAG fraction is a 
highly sulfated DS fraction or a highly sulfated CS fraction. 

39. The method of claim 38, wherein the subject has a wound, scar, chronic liver 
disease, benign hyperplastic hypertrophy, cancer or an inflammatory disease. 

40. The method of claim 38, wherein the composition further comprises a 
pharmaceutically acceptable carrier. 

41. The method of claim 38, wherein the composition further comprises an additional 
therapeutic agent. 

42. The method of claim 41, wherein the additional therapeutic agent is an anti-cancer 
agent or an anti-inflammatory agent. 
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43. The method of claim 38, wherein the method further comprises determining the 
presence or absence of FGF in the subject. 

44. The method of claim 38 or 43, wherein the method further comprises determining 
the presence or absence of a VEGF in the subject, 

45. The method of claim 36 or 44, wherein the VEGF is VEGF-A, VEGF-C or VEGF- 
D. 

46. The method of claim 45, wherein the VEGF is VEGF 120 , VEGF 1 64 or VEGFiss- 

47. The method of claim 45, wherein the VEGF is VEGF 12 i, VEGF 145 , VEGFi 65 , 
VEGFis9 or VEGF 2 o6. 

48. The method of claim 43 or 44 5 wherein the determining step is performed prior to 
the contacting step. 

49. A method of modulating an activity of a VEGF, comprising: 

contacting the VEGF with a composition comprising a highly sulfated GAG, 
wherein the highly sulfated GAG is in an amount effective to modulate the activity of the 
VEGF 5 and wherein the highly sulfated GAG is a highly sulfated CS or a highly sulfated 
DS. 

50. The method of claim 49, wherein the highly sulfated GAG is an oversulfated DS. 

51. The method of claim 50, wherein at least 40% of the disaccharides of the 
oversulfated dermatan sulfate are either di- or tri-sulfated. 

52. The method of claim 50, wherein at least 50% of the disaccharides of the 
oversulfated dermatan sulfate are either di- or tri-sulfated. 
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53. The method of claim 50, wherein at least 60% of the disaccharides of the 
oversulfated dermatan sulfate are either di- or tri-sulfated. 

54. The method of claim 50, wherein at least 70% of the disaccharides of the 
oversulfated dermatan sulfate are either di- or tri-sulfated. 

55. The method of claim 50 ? wherein at least 80% of the disaccharides of the 
oversulfated dermatan sulfate are either di- or tri-sulfated. 

56. The method of claim 49, wherein the highly sulfated GAG is a highly sulfated CS. 

57. The method of claim 56, wherein at least 40% of the disaccharides of the highly 
sulfated chondroitin sulfate are either di- or tri-sulfated. 

58. The method of claim 56, wherein at least 50% of the disaccharides of the highly 
sulfated chondroitin sulfate are either di- or tri-sulfated. 

59. The method of claim 56, wherein at least 60% of the disaccharides of the highly 
sulfated chondroitin sulfate are either di- or tri-sulfated. 

60. The method of claim 56, wherein at least 70% of the disaccharides of the highly 
sulfated chondroitin sulfate are either di- or tri-sulfated. 

61 . The method of claim 56, wherein at least 80% of the disaccharides of the highly 
sulfated chondroitin sulfate are either di- or tri-sulfated. 

62. The method of claim 56, wherein the highly sulfated CS is chondroitin sulfate D or 
chondroitin sulfate E. 

63. The method of claim 49, wherein the YEGF is VEGF-A, VEGF-C or VEGF-D. 



64. The method of claim 63, wherein the VEGF is VEGF 12 o, VEGFi 64 or VEGFi 
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65. The method of claim 63, wherein the VEGF is VEGF121, VEGF145, VEGFi 65 > 
VEGFisp or VEGF206. 

66. The method of claim 49, wherein the activity of the VEGF is increased. 

67. The method of claim 49, wherein the activity of a FGF is also modulated. 

68. The method of claim 67, wherein the activity of the FGF is increased. 

69. A method of treating a subject, comprising: 

administered administering to a subject in need of such treatment a composition 
comprising a highly sulfated GAG, wherein the highly sulfated GAG is administered in 
an amount effective to modulate the activity of a VEGF, and wherein the highly sulfated 
GAG is a highly sulfated CS or a highly sulfated DS. 

70. The method of claim 69, wherein the subject has a wound, scar, chronic liver 
disease, benign hyperplastic hypertrophy, cancer or an inflammatory disease. 

71 . The method of claim 69, wherein the subject has a disease associated with excessive 
VEGF-mediated angiogenesis. 

72. The method of claim 71, wherein the disease associated with excessive VEGF- 
mediated angiogenesis is age-related macular degeneration (AMD) or diabetic 
neuropathy. 

73. The method of claim 69, wherein the subject is in need of angiogenesis inhibition. 

74. The method of claim 69, wherein the composition further comprises a 
pharmaceutically acceptable carrier. 

75. The method of claim 69, wherein the composition further comprises an additional 
therapeutic agent. 
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76. The method of claim 75, wherein the additional therapeutic agent is an anti-cancer 
agent or an anti-inflammatory agent, 

77. The method of claim 69, wherein the method further comprises determining the 
presence or absence of the VEGF in the subject, 

78. The method of claim 69 or 77, wherein the method further comprises determining 
the presence or absence of a FGF in the subject. 

79. The method of claim 78, wherein the FGF is FGF7. 

80. The method of claim 77 or 78, wherein the determining step is performed prior to 
the contacting step. 

81. A method of modulating an activity of a VEGF, comprising: 

contacting the VEGF with a composition comprising GAGs of a highly sulfated 
GAG fraction, wherein the GAGs of a highly sulfated GAG fraction are in an amount 
effective to modulate the activity of the VEGF, and wherein the highly sulfated GAG 
fraction is a highly sulfated DS fraction or a highly sulfated CS fraction. 

82. The method of claim 81, wherein at least 70% of the dermatan sulfates or 
chondroitin sulfates of the highly sulfated GAG fraction are highly sulfated, 

83. The method of claim 81, wherein at least 80% of the dermatan sulfates or 
chondroitin sulfates of the highly sulfated GAG fraction are highly sulfated, 

84. The method of claim 81, wherein at least 90% of the dermatan sulfates or 
chondroitin sulfates of the highly sulfated GAG fraction are highly sulfated. 

85. The method of claim 81, wherein the VEGF is VEGF-A, VEGF-C or VEGF-D. 



86. The method of claim 85, wherein the VEGF is VEGF120, VEGFi 64 or VEGFj 
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87. The method of claim 85, wherein the VEGF is VEGF 12U VEGF145, VEGFi 65 , 
VEGFi8 9 or VEGF206. 

88. The method of claim 81, wherein the activity of the VEGF is increased. 

89. The method of claim 81, wherein the activity of a FGF is also modulated. 

90. The method of claim 89, wherein the activity of the FGF is increased. 

91. A method of treating a subject, comprising: 

administering to a subject in need of such treatment a composition comprising a 
GAGs of a highly sulfated GAG fraction, wherein the GAGs of a highly sulfated GAG 
fraction are administered in an amount effective to modulate the activity of a VEGF 
family membe, and wherein the highly sulfated GAG fraction is a highly sulfated DS 
fraction or a highly sulfated CS fraction. 

92. The method of claim 91, wherein the subject has a wound, scar, chronic liver 
disease, benign hyperplastic hypertrophy, cancer or an inflammatory disease. 

93. The method of claim 91, wherein the subject has a disease associated with excessive 
VEGF-mediated angiogenesis. 

94. The method of claim 93, wherein the disease associated with excessive VEGF- 
mediated angiogenesis is age-related macular degeneration (AMD) or diabetic 
neuropathy. 

95. The method of claim 91, wherein the subject is in need of angiogenesis inhibition. 

96. The method of claim 91, wherein the composition further comprises a 
pharmaceutically acceptable carrier. 

97. The method of claim 91, wherein the composition further comprises an additional 
therapeutic agent. 
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98. The method of claim 97, wherein the additional therapeutic agent is an anti-cancer 
agent or an anti-inflammatory agent. 

99. The method of claim 91 , wherein the method further comprises determining the 
presence or absence of the VEGF in the subject 

100. The method of claim 91 or 99, wherein the method further comprises detennining 
the presence or absence of a FGF in the subject, 

101. The method of claim 100, wherein the FGF is FGF7. 

102. The method of claim 99 or 1 00 ? wherein the determining step is performed prior to 
the contacting step. 

103. A method of producing an oversulfated DS or oversulfated CS, comprising: 

obtaining a fragment of the DS or CS, and 
oversulfating the fragment. 

104. The method of claim 103, wherein the fragment is a tetrasaccharide, 
hexasaccharide, octasaccharide or a decasaccharide. 

105. The method of claim 103 5 wherein the fragment has or has less than 30 saccharide 
units. 

106. The method of claim 103, wherein the fragment has or has less than 25 saccharide 
units. 

107. The method of claim 103, wherein the fragment has or has less than 20 saccharide 
units. 

108. The method of claim 103, wherein the fragment has or has less than 18 saccharide 
units. 
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109. The method of claim 103, wherein the fragment has or has less than 16 saccharide 
units. 

110. The method of claim 103, wherein the fragment has or has less than 14 saccharide 
units. 

111. The method of claim 103, wherein the fragment has or has less than 12 saccharide 
units. 

112. The method of claim 103, wherein the method further comprises analyzing the 
oversulfated fragment. 

113. The method of claim 112, wherein the analyzing comprises assessing an activity of 
the oversulfated fragment. 

114. The method of claim 113, wherein the activity is the modulation of an FGF 
activity, VEGF activity or both. 

115. A composition, comprising: 

the oversulfated DS or oversulfated CS produced by the method of any of claims 
103-114. 

116. The composition of claim 115, further comprising a pharmaceutically acceptable 
carrier. 

117. The composition of claim 115, further comprising an additional therapeutic agent. 

J 18. A composition, comprising: 

a highly sulfated DS, wherein at least 40% of the disaccharides are ADi 4S,6S. 

119. The composition of claim 118, wherein at least 4% of the disaccharides are ADi 
2S ? 4S. 
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120. The composition of claim 119, wherein 5% of the disaccharides are ADi 2S,4S. 

121. The composition of claim 1 18 or 1 19, wherein at least 4% of the disaccharides are 
ADi 2S,4S,6S. 

122. The composition of claim 121, wherein 5% of the disaccharides are ADi 2S,4S,6S. 

123. The composition of claim 118, further comprising a pharmaceutically acceptable 
carrier. 

124. The composition of claim 118, further comprising an additional therapeutic agent 

125. A method of modulating an activity of a FGF, comprising: 

contacting the FGF with the composition of any of claims 1 15-124. 

126. The method of claim 125, wherein the contacting is carried out by administering 
the composition to a subject. 

127. A method of modulating an activity of a VEGF, comprising: 

contacting the VEGF with the composition of any of claims 1 15-124. 

128. The method of claim 127, wherein the contacting is carried out by administering 
the composition to a subject. 

129. A method of modulating an activity of a FGF and an activity of a VEGF, 
comprising: 

contacting the FGF and VEGF with the composition of any of claims 1 15-124. 

130. The method of claim 129, wherein the contacting is carried out by administering 
the composition to a subject. 
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SEQUENCE LISTING 

<110> MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

<120> COMPOSITIONS OF AND METHODS OF USING OVERSULFATED 
GLYCOSAMINOGLYCANS 

<130> M0656. 70118WO00 

<140> Not yet assigned 
<141> 2006-03-29 

<150> US 60/666,743 
<151> 2005-03-29 

<160> 22 

<170> Patentln version 3.3 

<210> 1 

<211> 18 

<212> DNA 

<213> artificial sequence 
<220> 

<223> synthetic oligonucleotide 

<400> 1 

tggagcaagt gcctcctc 18 



<210> 2 

<211> 21 

<212> DNA 

<213> artificial sequence 
<220> 

<223> synthetic oligonucleotide 

<400> 2 

atattaccac ttcgattggt c 21 



<210> 3 

<211> 21 

<212> DNA 

<213> artificial sequence 
<220> 

<223> synthetic oligonucleotide 

<400> 3 

tggagctgga agtgcctcct c 21 



<210> 4 

<211> 21 

<212> DNA 

<213> artificial sequence 



<220> 
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<223> synthetic oligonucleotide 



<400> 4 

gtgatgggag agtccgatag a 



21 



<210> 5 

<211> 21 

<212> DNA 

<213> artificial sequence 
<220> 

<223> synthetic oligonucleotide 

<400> 5 

gtcagctggg gtcgtttcat c 21 



<210> 6 

<211> 21 

<212> DNA 

<213> artificial sequence 
<220> 

<223> synthetic oligonucleotide 



<211> 21 

<212> DNA 

<213> artificial sequence 
<220> 

<223> synthetic oligonucleotide 

<400> 7 

gtcagctggg gtcgtttcat c 21 



<21D> 8 

<211> 21 

<212> DNA 

<213> artificial sequence 
<220> 

<223> synthetic oligonucleotide 



<400> 6 

ctggttggcc tgccctatat a 



21 



<210> 



7 



<400> 8 

gtgaaaggat atcccaatag a 



21 



<210> 9 

<211> 21 

<212> DNA 

<213> artificial sequence 



<220> 

<223> synthetic oligonucleotide 
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<400> 9 

gtagtcccgg cctgcgtgct a 21 

<210> 10 

<211> 21 

<212> DNA 

<213> artificial sequence 
<220> 

<223> synthetic oligonucleotide 

<400> 10 

gaccggttac acagcctcgc c 21 

<210> 11 

<211> 21 

<212> DNA 

<213> artificial sequence 
<220> 

<223> synthetic oligonucleotide 

<400> 11 

gtagtcccgg cctgcgtgct a 21 

<210> 12 

<211> 21 

<212> DNA 

<213> artificial sequence 
<220> 

<223> synthetic oligonucleotide 

<400> 12 

tccttgcaca atgtcacctt t 21 

<210> 13 

<211> 21 

<212> DNA 

<213> artificial sequence 
<220> 

<223> synthetic oligonucleotide 

<400> 13 

ccctgccggg atcgtgaccc g 21 

<210> 14 

<211> 21 

<212> DNA 

<213> artificial sequence 



<220> 

<223> synthetic oligonucleotide 
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<400> 14 

tcgaagccgc ggctgccaaa g 



<210> 15 

<211> 21 

<212> DNA 

<213> artificial sequence 



<220> 

<223> synthetic oligonucleotide 
<400> 15 

cggacactcc cgggaggtag t 



<210> 16 

<211> 18 

<212> DNA 

<213> artificial sequence 
<220> 

<223> synthetic oligonucleotide 

<400> 16 ' 
cttctgtcga gtagggga 



<210> 17 

<211> 21 

<212> DNA 

<213> artificial sequence 
<220> 

<223> synthetic oligonucleotide 

<400> 17 

tgcgggccag ggacggagaa g 



<210> 18 

<211> 21 

<212> DNA 

<213> artificial sequence 
<220> 

<223> synthetic oligonucleotide 

<400> 18 

ctagttacta ctttggatag t 



<210> 19 

<211> 21 

<212> DNA 

<213> artificial sequence 



<220> 

<223> synthetic oligonucleotide 



<400> 19 
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21 



<210> 20 

<211> 21 

<212> DNA 

<213> artificial sequence 



<220> 

<223> synthetic oligonucleotide 
<400> 20 

tcgacatggg gttcttcagt g 



<210> 21 

<211> 25 

<212> DNA 

<213> artificial sequence 
<220> 

<223> synthetic oligonucleotide 

<400> 21 

gccagctcac catggatgat gatat 



<210> 22 

<211> 25 

<212> DNA 

<213> artificial sequence 



<220> 

<223> synthetic oligonucleotide 
<400> 22 

gcttgctgat ccacatctgc tggaa 



